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Quantifying the Health Benefits of
Reducing Ozone Exposure

The objectives of this appendix are to quantify the adverse health effects of current
ozone levels in California by estimating the health benefits that would accrue from a
hypothetical control strategy that achieves the proposed ambient air quality standards
for ozone. This health effects assessment is not being used to set the health standards
or in any formal cost-benefit analysis. As such, the results from this appendix are
provided for public information about the expected benefits of attaining the proposed
standards and do not include monetary values.

There have been several recent published efforts to estimate the health benefits
associated with reducing population exposures to ozone (U.S. Environmental Protection
Agency 1999; Levy et al. 2000). Numerous epidemiologic studies conducted in the
United States and other countries point to the adverse health effects from exposure to
ozone. The effects from short-term exposure include, but are not limited to: hospital
admissions for respiratory causes, emergency-room visits for asthma, minor restricted
activity days, acute respiratory symptoms, exacerbation of asthma, and premature
mortality (National Research Council, 2002; U.S. Environmental Protection Agency,
2004). In addition, there is more limited evidence that long-term exposure to ozone may
result in new cases of asthma and premature mortality. Below we describe the methods,
data, results and uncertainties involved with estimating the health benefits of the
proposed California ambient air quality standards.

Health Effects Estimation Approach

Section 812 of the federal Clean Air Act required the U.S. EPA to conduct an analysis of
the health benefits of current federal air pollution regulations, which resulted in a report
to the U.S. Congress (U.S. EPA, 1999). These efforts have undergone years of public
review and comment as well as full peer review by the U.S. EPA’s independent Science
Advisory Board and by the National Research Council (2002). We have, therefore,
drawn considerably from prior efforts at the federal level, particularly in the development
of concentration-response functions. We have also added studies published from
around the world since the U.S. EPA report. The selection of the studies and functions
to include in our analysis has undergone review by several independent experts on the
subject of air pollution and health.

Estimating the health benefits associated with reductions in levels of ambient ozone
involves four elements:

1. Estimates of the changes in ozone concentrations due to a hypothetical control
strategy.

2. Estimates of the number of people exposed to ozone.

3. Baseline incidence of the adverse health outcomes associated with ozone.

4. Concentration-response (CR) functions that link changes in ozone
concentrations with changes in the incidence of adverse health effects. These
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functions produce a beta coefficient, indicating the percent reduction in a given
health outcome due to a unit change in ozone.

Ultimately, the product of these elements generates estimates of the expected number
of avoided adverse health outcomes associated with a hypothetical control strategy to
reduce current levels of ozone to the proposed standard. Each of these elements is
discussed below. Our methods make use of U.S. EPA’s development of the
Environmental Benefits Mapping and Analysis Program (BenMAP) with modifications
where appropriate to reflect the application to California’s setting and more recent
studies. All methods and results presented herein are consistent with U.S. EPA
(Hubbell et al., 2005). In addition, we have derived substantial material from other
previous health impact studies including the U.S. EPA estimates of health benefits of
the Clean Air Act (U.S. EPA, 1999), the World Health Organization (WHO) meta-
analysis of ozone health effects (Anderson et al. 2004), and the Levy et al. (2001)
analysis of the public health benefits of reducing ozone.

Exposure Estimation and Assumptions

The estimation of ozone exposure involves two key elements: assessing changes in
ozone concentrations, and estimating the population exposed to these changes in
ozone levels.

To assess the changes in the current ozone concentrations necessary to achieve the
proposed standards, we first determined the design value, the benchmark used for
attainment status. The design value is the Expected Peak Day Concentration, the value
that reflects the highest concentration expected to occur on any given year based on
the past three years of data. The use of three years reduces the effect of an anomalous
year. Details on how the design values are calculated are presented in Chapter 7.
Because the designations of the air quality standards are done mostly at the air basin
level, the design value for the basin was used for all counties within the basin.

Monitoring data for 2001 to 2003 were used from all monitors in the State meeting
quality assurance criteria for valid data extracted from the ARB ADAM database (ARB,
2004). Chapter 7 provides detailed analyses of exposure to ozone in California.

To calculate changes in exposure to ozone that reflect a hypothetical attainment of the
proposed ambient air quality standards, a proportional linear rollback procedure was
used. Under real-world conditions, control strategies will likely have some impact on
days with low and moderate levels of ozone, as well as on days with high levels. Our
rollback procedure reflects this observation. Details on the changes in the distribution of
ozone concentrations over time are provided in the Supplement to this appendix.

Design Value Rollback Method

To assess the daily reductions in current ozone concentrations estimated to result at all
monitoring sites when the standards are achieved, rollback factors from the 1-hour and
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8-hour ozone design values to the applicable standard were calculated for each air
basin. The ozone design value selected was the highest for the three-year period (2001
to 2003). An uncontrollable ozone concentration of 0.04 ppm (see Chapter 4) was
factored into the calculation of the rollback factor (see below). This represents the
average daily one-hour maximum background ozone concentration. The rollback factor
was assumed to apply to each site in the air basin for every day in a given year.

This methodology assumed that under the hypothetical attainment setting, all ozone
observations within an air basin were subjected to the same percentage rollback factor
based on the basin’s three-year high value. To investigate the plausibility of this
assumption, we examined the trends in the annual distributions of the 1-hour and 8-hour
concentrations of ozone in the South Coast Air Basin (SoCAB). Due to its population
and current ozone levels, a significant proportion of statewide health benefits are
projected to accrue in the SoCAB. For this region, the downward trend was consistent
for both 1-hour and 8-hour concentrations from the 1980s to current levels. The
maximum, the 90th, 80th, 70th, 60th, 50th and 40th percentiles from the annual
distribution of the basin's daily high concentrations as well as the individual site's daily
highs show a consistent downward trend from the 1980s. More importantly, when we
examined the rate of change in the concentrations above background from the 1980s, it
was similar among the percentiles. This analysis justifies our application of a constant
percentage rollback to all sites within an air basin. Results for several representative
sites used in this analysis of ozone trends can be found in the Supplement to this
appendix.

Roll-Back Procedure

For each monitoring site in the State, the rollback factor necessary to move from the
basin-high value to the proposed standard was calculated for both the 1- and 8-hour
averages. These rollback factors were then applied on a site—by-site basis to the ozone
readings for every day. The difference between the observed value and the rolled-back
value was calculated for each day of the year.

Health effects were then estimated for each day in a given year, summed across sites
over the year, and then averaged over the three years of data. We also ensured that no
benefits would be calculated for any day with an average concentration at or below the
assumed background ozone level of 0.04 ppm. For the technical reader, the
mathematical formulae for our rollback procedure and evidence for the rollback
assumption are provided in the Supplement to this appendix.

Estimation of Exposed Population

To estimate the number of people exposed to the ozone changes observed at each
monitoring site, the county population was divided by the number of monitoring sites in
a given county. This assumes that the population is equally distributed around each
monitoring site within a county. We used county population data from the year 2000
census. For further details, see the Supplement to this appendix. We also examined the
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sensitivity of this assumption by considering two alternative methods for estimating
exposure to ozone: census tract interpolation and county averaging of monitored
concentrations. Details of these sensitivity analyses are provided below.

Estimates of the Baseline Incidence of Adverse Health Outcomes

The health effect baseline incidences are the number of health events per year per unit
population. In this analysis, all baseline incidence rates except those for school
absenteeism were taken from U.S. EPA’s BenMAP.

For mortality, the incidence rates were obtained from the U.S. Centers for Disease
Control (CDC) derived from the U.S. death records and U.S. Census Bureau. Regional
hospitalization counts were obtained from the National Center for Health Statistics
(NCHS) National Hospital Discharge Survey (NHDS). Per capita hospitalizations were
calculated by dividing these counts by the estimated county population estimates
derived from the U.S. Census Bureau and the population projections used by NHDS.
Hospitalization rates for all respiratory causes included ICD-9 codes 460-519. Similarly,
regional asthma emergency room visit counts were obtained from the National
Ambulatory Medical Care Survey (NHAMCS), combined with population estimates from
the 2000 U.S. Census to obtain rates. lliness-related school loss baseline incidence
rates were based on Hall et al. (2003). Ostro and Rothschild (1989) provided the
estimated rate for minor restricted activity days.

The assumed incidence rates are summarized in Table B-17 in the Supplement to this
appendix. All counties and sites within each county were assumed to have the same
incidence rate for a given population age group.

Concentration-Response Functions

Concentration-response (CR) functions are equations that relate the change in the
number of adverse health effect incidences in a population to a change in pollutant
concentration experienced by that population. As reviewed in Chapter 10, a wide range
of adverse health effects has been associated with exposure to current ambient
concentrations of ozone. Developing concentration-response functions from this vast
and not fully consistent literature is a difficult task and ultimately involves subjective
evaluations. In this section, we aim to provide a fair and accurate reflection of the
current scientific literature. We also aim to provide enough detail so that others may fully
evaluate our assumptions and methodology. Below, we provide CR functions for effects
of short-term exposure on premature mortality, hospital admissions for respiratory
disease, emergency room visits for asthma, school absenteeism, and minor restrictions
in activity. Although other effects have been related to ozone exposure — such as
asthma exacerbations, respiratory symptoms, hospital admissions for cardiovascular
disease with short-term exposures, and mortality and asthma onset associated with
long-term exposure (i.e., several years) — we determined that the existing evidence was
either insufficient or too uncertain to serve as a basis for quantitative CR function
estimates. A good example is asthma exacerbations for which several studies have
reported associations with ozone. However, different subgroups of asthmatics and
different outcome measures were used, making it difficult to develop consensus
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estimates.

In this appendix, the primary studies used in the health benefit assessment are
generally epidemiological. There are a number of reasons for using epidemiological
studies. While human chamber studies have the merit of being able to carefully control
for dose and response, they usually involve small sample sizes that do not include the
most sensitive subpopulations, and cannot capture severe outcomes like hospitalization
or premature death. Lagged or cumulative effects are similarly omitted, and only a
limited range of exposures is examined. In short, human chamber studies are helpful to
support causality and to determine effects of short-term exposure on measures like lung
function in generally healthy individuals, but they do not provide the general population
response to exposure to ozone. For the latter purpose, epidemiological studies which
incorporate varying subgroups, exposure scenarios, behaviors, and health outcomes
will best serve to determine the overall potential human response to a particular
pollutant and be the source of quantitative estimates for health impact assessment.

Besides the primary studies, some CR functions were developed from previous
estimates of the health impacts of ozone exposures. Sources for these studies include
the U.S. EPA estimates of the health effects associated with the Clean Air Act under
Section 812 (U.S. EPA, 1999), the World Health Organization (WHO) meta-analyses on
ozone (Anderson et al., 2004), and the Levy et al. (2001) analysis of the public health
benefits of reducing ozone.

This section discusses some factors that impact health effect estimates and outlines the
epidemiological studies that were used for the basis of the CR functions.

Conversions for Ozone Measurements of Various Averaging Times

Most health studies considered in our analysis were conducted with ozone levels
measured as 1-hour maximum or 8-hour maximum. However, there were some studies
that measured ozone averaged over other time increments. Since these studies were
conducted throughout the United States and other parts of the world, a national average
of adjustment factors were used to convert all measurements to 1-hour and 8-hour
averages (Schwartz 1997). The 1-hour maximum was assumed to be 2.5 times the 24-
hour average, and 1.33 times the 8-hour average concentration. These conversion
factors have been used in previous meta-analyses of the ozone epidemiological
literature (Levy et al.,, 2001; Thurston and Ito 2001). Our examination of California
monitoring data for 2001-2003 in the San Francisco Bay Area and South Coast
indicates that the ratios are similar. Because the majority of studies report findings in
term of ppb, CR functions were calculated per ppb, and air quality measurements were
converted from ppm to ppb accordingly in the calculation of health effects.

Thresholds

Assumptions regarding the appropriateness of applying thresholds, and at what level,
can have a major effect on health effects estimates. One important issue in estimating
ozone health effects is whether it is valid to apply the CR functions throughout the range
of predicted changes in ambient concentrations, even changes occurring at levels
approaching the natural background concentration (without any human activity).
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As reviewed in Chapter 10, most of the epidemiologic studies include very low
concentrations in their analysis and no clear threshold for effects has been reported,
although the issue has not been fully investigated except with reference to ER visits for
asthma. These latter studies, reviewed in Section 10.2.3 suggest a population threshold
in the range of 0.075 to 0.110 ppm for 1-hour exposures, and 0.056 to 0.084 ppm (using
a ratio of 1.33) for 8-hour exposures (see pg. 8-14; figure 8-1). In our approach of
applying a constant percent change rollback to all of the basin-wide monitors, many of
the reductions in ozone concentrations will occur below the proposed standard. Thus,
for some days, our estimate of benefits will be based on ozone concentrations that are
within the range of the original epidemiologic studies, but below the proposed
standards. In our base case model, we assumed that no threshold was in evidence and
used the background level of 0.04 ppm as the no effects level. As an alternative for a
sensitivity analysis, we assumed a no effects level at 0.075 ppm but adjusted the
remaining slope to account for application of a threshold to the concentration-response
function. This is described in greater detail below.

Developing the Concentration-Response Function

Most of the epidemiologic studies used in our estimates have used a log-linear model to
represent the relationship between ozone exposure and the health endpoint. In this
case, the relationship between ozone levels and the natural logarithm of the health
effect is estimated by a linear regression. This regression model generates a beta
coefficient that relates the percent change in the health outcome to a unit increase in
ozone. Existing studies have reported either a beta coefficient for a unit change in
exposure or a relative risk (RR) for a specified change in ozone concentrations, such as
10 ppb 1-hour maximum. The RR is defined as the ratio of the health effect predicted
from the higher exposure relative to some baseline exposure. Health effect estimates
presented in a given study as RR for a specified change in ozone, A O3, were converted
into an estimated beta using the equation:

B =In (RR)/AOs

The daily change in ozone at each monitoring site i.e., the difference between current
ozone and the standard (= AO3) was used to calculate RR:

RR = exp(BAO3)

Then, the RR estimates were used to determine the population attributable risk (PAR),
which represents the proportion of the health effects in the whole population that may
be prevented if the cause (ozone pollution in our case) is reduced by a given amount.
Specifically,

PAR=(RR-1)/RR

Ultimately, the estimated impact on the health outcome is calculated as follows:
Ay = PAR x yo x pop

where:

Ay = changes in the incidence of a health endpoint corresponding to a particular
change in ozone,
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yo = baseline incidence rate/person within a defined at-risk subgroup, and
pop = population size of the group exposed.

The parameters in the functions differ depending on the study. For example, some
studies considered only members of a particular subgroup of the population, such as
individuals 65 and older or children, while other studies considered the entire population
in the study location. When using a CR function from an epidemiological study to
estimate changes in the incidence of a health endpoint corresponding to a particular
change in ozone in a location, it is important to use the appropriate parameters for the
CR function. That is, the ozone averaging time, the subgroup studied, and the health
endpoint should be the same as, or as close as possible to, those used in the study that
estimated the CR function.

In some cases, results from several studies of the same health endpoint were combined
to estimate the health effect. An inverse-variance weighting scheme was used to pool
results from these studies, allowing studies with greater statistical power to receive
more weight in the pooled assessment. This approach implicitly assumes that all studies
are equally valid and representative of the population in question, and is the standard
approach applied in many impact analysis settings.

Mortality from Short-Term Exposure

Chapter 10 concludes that there is sufficient evidence for an effect of daily exposure to
ozone (possibly with a lag response of a day or two) on premature mortality. These
effects are based on daily time-series studies of counts of daily all-cause mortality within
a given city reviewed over several years. The studies control for most other factors that
may impact daily mortality such as weather, time trends, seasonality, day of week, and
other pollutants. In addition, the studies have been undertaken over a wide range of
weather conditions, seasonal patterns, covarying pollutants, baseline population
characteristics. Chapter 10 reviews the uncertainties inherent in these studies. The U.S.
EPA is currently funding several meta-analyses of the ozone-mortality association but
this information is currently not available. Therefore, below we present the effect
estimates from the available literature and develop our rationale for a central estimate
and probable bounds that reflect the observed range of effect estimates. Figure 1
summarizes the most relevant meta-analytic studies to date. Additional information
about these studies is provided in Chapter 10.

The World Health Organization (WHO) conducted a meta-analysis of the 15 cities in
Europe (Anderson et al. 2004). Their gneta-estimates indicate a relative risk of 1.003
(95% Cl =1.001 — 1.004) for a 10 uyg/m change in 8-hour ozone. For standasrd pressure

(1 atmosphere) and temperature (25° C), 1 ppb ozone equals 1.96 uyg/m . We have
assumed the ratio between 1-hour and 8-hour ozone of 1.33 and between 1-hour and
24-hour of 2.5 (Schwartz 1997). Making the conversions, the WHO estimate implies a
1.13% change (95% CI = 0.38 - 1.51) in daily mortality per 10 ppb change in 24-hour
ozone. The WHO also provided an estimate correcting for possible publication bias
using a trim and fill technique. Under an assumption that bias was present, the adjusted
estimate is 0.75 % (95% Cl = 0.19 — 1.32) per 10-ppb change in 24-hour ozone.
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This estimate is very similar to that produced by Levy et al. (2001). In their meta-
analysis they began with 50 time-series analyses from 39 published articles. A set of
very strict inclusion criteria was applied, which eliminated all but four studies. Reasons
for exclusion included: studies outside the US, use of linear temperature terms (versus
non-linear and better modeled temperature), lack of quantitative estimates, and failure
to include particulate matter (PM) in the regression models. Ultimately, their analysis
generated an estimate of 0.98% (95% CI = 0.59 — 1.38) per 10 ppb change in 24-hour
average ozone. If the criteria are loosened to include eleven more studies, the pooled
estimate decreases to 0.80 (0.60 — 1.00). Stieb et al. (2002) also reported a similar
effect estimate based on 109 previous studies (including those with single- and multi-
pollutant models) of 1.12 (0.32 — 1.92). Thurston and Ito (2001) reviewed studies
published prior to the year 2000. When the authors focused on seven studies that more
carefully specified the effect of a possible confounder, daily temperature, by using non-
linear functional forms, the resulting meta-estimate was 1.37% (95% CIl = 0.78 — 1.96).
Relaxing this constraint to include all 19 available studies, the resulting risk estimate
was 0.89% (95% CIl = 0.56 — 1.22) per 10-ppb change in 24-hour ozone.

Two more recent meta-analyses have been published that provide lower effect
estimates. Gryparis et al. (2004) is an analysis of 23 European cities from the APEHA2
study. The study controlled for potential confounders by including average daily
temperature and humidity, respiratory epidemics, day of week in the regression model.
The overall full-year estimate was 0.5% (95% CI = -0.38 — 1.30) per 10-ppb change in
24-hour ozone. A meta-analysis was also conducted using summer-only data.
Presumably this estimate will be less confounded by seasonality and also represent a
time when the population would be spending more time outdoors. The summer-only
estimate was 1.65% (95% CIl = 0.85 — 2.60) per 10-ppb change in 24-hour ozone. This
summer-specific estimate might be particularly relevant for California due to its milder
climate. A meta-analysis of the 95 largest U.S. cities from the National Morbidity,
Mortality, and Air Pollution Study (NMMAPS) data base provided estimates using a
similar natural spline model for every city (Bell et al., 2004). Ultimately, the model
suggested an effect of 0.25% (95% CI = 0.12 — 0.39) per 10-ppb change in 24-hour
ozone. The NMMAPS study may generate an underestimate of the impact of mortality
due to the modeling methodology used to control weather factors. Specifically, this effort
included four different controls for temperature and dewpoint, where most other times-
series analyses used only two or modeled extreme weather events more carefully and
used city-specific models to ensure the best fits. In comparing the results for particulate
matter (PM) for a given city with studies of individual cities by other researchers, the
NMMAPS results are usually lower (Samet al et., 2000). This estimate was based on a
lag consisting of today’s and yesterday’s ozone concentrations. When a longer period 7-
day lag was used the estimate increased to 0.52% (95% CI = 0.27 — 0.77) per 10-ppb
change in 24-hour ozone.

Our estimates for the effects of ozone on mortality attempt to reflect the range provided
in the above cited studies. Figure 1 provides a graphical summary of the range of effect
estimates and our suggested central, low and high estimates. A low estimate of 0.5%
per 10 ppb, 24-hour ozone, corresponds to the best estimates from the NMMAPS (using
a one-week cumulative lag) and the APEHAZ2 European study, but is below most of the
other central estimates. A central estimates of 1% per 10 ppb is very similar to the
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Figure B-1: Percent Change in Mortality Associated with Ozone (per 10 ppb 24-hour average)
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central estimates generated by WHO (2004), Levy et al. (2001), and Stieb (2003).
Finally, as a high estimate, we use 1.5% per 10 ppb which reflects the central estimates
of Thurston and Ito (using non-linear functions for temperature) and the summer-only
estimates of Gryparis et al. (2004). Bates (personal communication, 2005) suggested
that these concentration-response relationships may be underestimated. Our range of
estimates is applied to all age groups.

Hospital Admissions for Respiratory Diseases

Studies of a possible ozone-hospitalization relationship have been conducted for a
number of locations in the United States, including California. These studies use a daily
time-series design and focus on hospitalizations with a first-listed discharge diagnosis
attributed to diseases of the circulatory system (ICD9-CM codes 390-459) or diseases
associated with the respiratory system (ICD9-CM codes 460-519). Various age groups
are also considered which vary across studies. For this estimate, we rely on the meta-
analysis by Thurston and Ito (1999). These authors used a random effects model using
three studies from North America. The studies were Burnett et al. (1994), Thurston et al.
(1994), and Burnett et al. (1997). The category of all respiratory admissions for all ages
yielded an estimate of relative risk of 1.18 (95% CI= 1.10 — 1.26) per 100 ppb change in
daily 1-hour maximum ozone. This category includes hospital admissions for asthma
and bronchitis, so separate estimates of these outcomes are not necessary. The
estimate converts to a 1.65% change in hospital admissions (95% CI = 0.95 — 2.31%)
per 10 ppb change in 1-hour daily maximum ozone. This estimate was applied to all age
groups. Additional studies of respiratory admissions for specific diseases or
subpopulations provide additional support for the above relationship, but are not
quantified to avoid double counting. For example, Anderson et al. (1997) reported a
relative risk of 1.04 (95% CIl= 1.02-1.07) for hospital admissions for COPD for all ages
for a 50 p/m change in ozone. This converts to 2.05% per 10 ppb change in 1-hour
maximum ozone. Burnett et al. (2001) investigated respiratory hospitalizations in
children under age 2, and reported a relative risk of 1.348 (95% Cl= 1.193 — 1.523),
which converts to a 6.6% increase in hospital admissions per 10 ppb change in 1-hour
daily maximum ozone.

Emergency Room Visits for Asthma

Some studies have examined the relationship between air pollution and emergency
room (ER) visits for pediatric asthma. Because most ER visits do not result in an
admission to the hospital, we treated hospital admissions and ER visits separately,
taking account of the fraction of ER patients that were admitted to the hospital. Our
estimate is based on five studies which provide CR functions across the full range of
ozone concentrations: Tolbert et al. (2000), Friedman et al. (2001), Jaffe et al. (2003),
Romieu et al. (1995), and Stieb et al. (1996). Tolbert et al. (2000) report an association
between pediatric emergency room visits (age < 16) for asthma and ozone in Atlanta
during the summers of 1993-1995. The authors report a relative risk of 1.04 (95% CI =
1.008 — 1.074) per 20 ppb change in 8-hour ozone. Friedman et al. (2001) reported an
association between daily counts for asthma in two pediatric emergency departments
(age 1 to 16) and ozone in Atlanta during the summer of 1996. They report a RR of 1.2
(95% CI = 0.99 — 1.56) per 50 ppb change in 1-hour maximum ozone. This model

B-11



included PM10 as a co-pollutant. Jaffe et al. (2003) reported an association between
ozone and emergency room visits for asthma (ages 5 to 34) among Medicaid recipients
in three cities in Ohio for the summer months from 1991- 1996. Estimates for the
combined three cities indicate a RR of 1.03 (1.00 — 1.06) for a 10 ppb change in the 8-
hour average of ozone. Romieu et al. (1995) reported results for emergency visits for
asthma (age < 16) in Mexico City from January to June, 1990. A RR of 1.43 (95% CIl=
1.24 — 1.66) was obtained for a 50 ppb change in 1-hour maximum ozone. Finally, Stieb
et al. (1996) reported a beta of 0.0035 (95% CI = 0.00 —0.0070) for ER visits for asthma
in Saint John, New Brunswick, Canada.

Using an inverse variance weight for these five studies, we obtained a meta-analytic
result of 2.4% per 10 ppb in daily 1-hour maximum ozone with a 95% CI = 1.46 to
3.34%. This estimate was applied over the entire range of ozone concentrations to
children under 18. Several studies on ER visits for asthma report a non-linear response
consistent with an effect threshold (see Section 8.3.3.2 and Figure 8-1, and Section
10.2.5). The threshold level appears to be somewhere between 0.075 and 0.110 ppm
for a 1-hour average (or, using a ratio of 1.33, an 8-hour average of 0.056 to 0.084).
This threshold may be due to lower power in detecting effects at low concentrations. In
addition, the studies indicate some increased risks observed at below threshold
concentrations. Regardless, if a zero slope (implying a threshold) is applied to the lower
portion of the data, the concentration-response function for the remaining portion of the
data must be larger than the slope for the entire data set. Below we use some of the
available information on how to adjust the slope in order to investigate the implications
of imposing a threshold on the CR function.

School Absences

In addition to hospital admissions and ER visits, there is considerable scientific research
that has reported significant relationships between elevated ozone levels and other
morbidity effects. Controlled human studies have established relationships between
ozone and symptoms such as cough, pain on deep inhalation, shortness of breath, and
wheeze. In addition, epidemiological research has found relationships between ozone
exposure and acute infectious diseases (e.g., bronchitis, and sinusitis) and a variety of
‘symptom-day” categories. Some “symptom-day” studies examine excess incidences of
days with identified symptoms such as wheeze, cough, or other specific upper or lower
respiratory symptoms. Other studies estimate relationships with a more general
description of days with adverse health impacts, such as “respiratory restricted activity
days” or work loss days. We selected a few endpoints that reflect some minor morbidity
effects and carefully adjusted estimates to avoid double counting (e.g., adjusted minor
restricted activity days by number of asthma-related emergency room visits).

One of these studies demonstrated that absence from school was associated with
ozone concentrations in a study of 1,933 fourth grade students from 12 southern
California communities participating in the Children’s Health Study (Gilliland et al. 2001).
For illness-related absences, verified through telephone contact, further questions
assessed whether the illness was respiratory or gastrointestinal, with respiratory
including runny nose/sneeze, sore throat, cough, earache, wheezing, or asthma attack.
Associations were observed between 8-hour average ozone and school absenteeism
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due to several different respiratory-related illnesses. Specifically, the authors report a
62.9% (95% CI = 18.4 -124.1%) change in absences from all illnesses associated with a
20 ppb change in 8-hour average ozone. This provides the basis for our quantitative
estimate, which was applied to all schoolchildren aged 5-17.

In calculating the change in school loss days, we assumed children did not attend
school during weekends and holidays, that about 20% of students attended year-round
schools, and adjusted attendance rate for each month of the year. The baseline
absence rate reported by Hall et al. (2003), based on a telephone survey of school
districts, was applied.

Minor Restricted Activity Days

Ostro and Rothschild (1989) estimated the impact of PM2.5 on the incidence of minor
restricted activity days (MRADs) and respiratory-related restricted activity days (RRADS)
in a national sample of the adult working population, ages 18 to 65, living in
metropolitan areas. The annual national survey results used in this analysis were
conducted in 1976-1981. Controlling for PM2.5, two-week average ozone concentration
has a highly variable but statistically significant association with MRADs but not with
RRADs. MRADs are days where people reduced their activity, but did not miss work,
and can therefore be viewed as relatively minor and transient symptom days.

For our MRAD estimate, we initially reanalyzed on an individual year basis each of the
six years of data from Ostro and Rothschild (1989) using their multi-pollutant model that
included PM2.5. We then used an inverse variance-weighted meta-analysis to combine
the six individual year results. This resulted in an estimate of a 0.112% change (95%ClI
0.046 — 0.178%) per pg/m3 of 1-hour maximum ozone. Conversion to ppb yielded an
effect estimate of 2.24% change (95%CIl = 0.92 — 3.56%) per 10 ppb change in 1-hour
maximum ozone concentration. This estimate was applied to all adults above age 18.

Sensitivity Analysis

Several additional analyses were run to indicate the sensitivity of the results to our
assumptions. In our first analysis, we considered two alternative ways to characterize
ozone exposure and population. First, we estimated ozone concentration at the census-
tract level. Specifically, we used population data from the year 2000 census and
determined the population centroid for every census tract in the state. The assigned
ozone concentration at each centroid was determined using the inverse square distance
weighted interpolation of the ozone concentrations observed at the monitors within a 50-
kilometer radius of the centroid. This value was then assigned to each resident in the
census tract. Second, we averaged the observed concentrations at the monitors within
each county and assigned the county average concentration to the entire county
population.

As a second sensitivity analysis, we imposed a threshold on all of the CR functions and
accompanied this assumption with a re-estimated, higher CR function for the remaining
data. Most of existing studies assume a non-threshold model, either linear or logistic,
over the entire range of ozone concentrations. If one were to impose a threshold or no-
effects level over the lower range of the data, the remaining slope estimate would have
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to increase to fit the remaining observations. Unfortunately, there is only limited data to
suggest the magnitude of the increase in the slope. Specifically, several of the studies
of emergency room visits for asthma estimated a slope for both the full range and for an
upper portion of the data. Therefore, as a sensitivity analysis, we attempted to draw
inference about how the slope would increase, drawing on both the direct and indirect
evidence.

Stieb et al. (1996) examined the effects of ozone on emergency department (ED) visits
for asthma in Saint John, Canada. In the basic analysis, they report a beta coefficient
for the full population of 0.0035 for a 1-hr maximum average of ozone, using a lag of 0
and 1 day. When a dichotomous model was developed to examine the effect of
concentrations above versus below 75 ppb, the beta increased to 0.45. Based on
graphical and descriptive data presented in the paper, the mean concentrations above
and below 75 ppb were assumed to be 95 and 35 ppb, a difference of 60. This results in
a beta of 0.0076 and a ratio of the slope using the highest quartile, where effects are
observed, versus the slope for the full range of data of approximately 2.16.

Tolbert et al. (2000) examined the effects of ozone on pediatric ED visits in Atlanta. In
the basic analysis, a relative risk (RR) of 1.042 was reported for a 20 ppb change in the
8-hour maximum daily ozone. This relates to a beta of 0.00206 ( = In(1.042)/20) or
converting to a 1-hr maximum using a ratio of 1.33, a beta of 0.0015. The authors also
report an RR of 1.23 for concentrations above 100 ppb range versus low concentrations
(< 50 ppb) of ozone. Assuming the mean for concentrations above 100 ppb was 105
ppb and the mean concentrations for values below 50 ppb was 40 ppb, the resulting
beta coefficient is 0.00318 ( = In(1.23/(105-40)) for an 8-hour change in ozone or 0.0024
for a 1-hour change which is 1.6 times the slope using all of the ozone data.

Finally, Romieu et al. (1995) studied ozone and pediatric ED visits in Mexico City. The
authors report an RR of 1.43 for a 50 ppb change in 1-hour maximum ozone, using a
one-day lag. This relates to a beta of 0.00715 for a 1-hour change in ozone. However,
when they examined multiple days with high peaks greater than 110 ppb, the RR
increased to 1.68 for a cumulative lag of 0 and 1 and to a RR of 2.33 for a cumulative
lag of 1 and 2 days. Based on personal communication with the authors, the mean
concentration for days below 110 ppb was 67 ppb versus a mean for days above 110
ppb of 127 ppb. Thus, the resultant betas become 0.0086 (=In(1.68)/60) and 0.0141
(=In(2.33)/60), respectively. This suggests a ratio of the slope based on data above a
threshold relative to the slope for the full data of between 1.21 and 1.97.

Overall, the empirical evidence confirms the logical expectation that the slope for only
the upper end of the distribution of concentrations will be much larger than that for the
entire distribution. The existing evidence, however, involves different cutpoints for the
higher end and different averaging times, which clearly will affect the ultimate slope.
However, given these results, it appears that for a sensitivity analysis, an increase of
40% in the slope above a threshold of 60 ppb (8-hour average) is a reasonable
approximation. We also examined a presumed threshold of 50 ppb (8-hour average)
using a slope increase of 100%. As additional sensitivity analysis, we determined,
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assuming a 40% increase in the slope in the upper segment of the data, what the
threshold concentration would have to be to generate effects similar to those from a
non-threshold model. Finally, we determined what the increase in the slope would have
to be in the upper segment, given a threshold of 70 ppb 8-hour average, to generate
effects similar to a non-threshold model.

Note, however, that these presumed threshold values are well within the range of
concentrations observed in most, if not all, of the original epidemiologic studies. In fact,
these values are often in the upper end of the range of values, rendering this
assumption somewhat unlikely. Nevertheless, it is of interest to examine the effects of
such an assumption.

Health Effects Results

Table B-2 presents the estimated statewide annual health benefits from reducing the
current (2001-2003) levels of ozone to achieve the 1-hour standard of 0.09 ppm. For
most of the endpoints, the 95% confidence intervals around each central estimate
reflect the uncertainty associated with the beta coefficient derived from the
epidemiological studies used in the calculation. As discussed above, for mortality, the
uncertainty was based on the range of estimates generated from several meta
analyses. For example, the results indicate that full attainment of the proposed 1-hour
standard would result in 580 fewer cases of premature mortality (probable range = 290
— 870), 3,800 fewer hospital admissions (95% CI = 2,200 — 5,400) and 3,300,000 fewer
days of school loss (95% Cl = 430,000 — 6,100,000) per year. Since the results for
premature mortality due to short-term exposures were derived from examining the
evidence from several papers, rather than combining the results into a confidence
interval, we use the terminology of a “probable range”.

Similar to Table B-2, Table B-3 presents statewide results from achieving the proposed
8-hour standard of 0.070 ppm. Generally speaking, the health benefits from attaining
the 1-hour standard are greater than those associated with attaining the 8-hour
standard. Since 1-hour and 8-hour concentrations are highly correlated, it is not
appropriate to add the estimated benefits from Tables B-2 and B-3 together. Tables B-4
and B-5 present estimates of the annual health benefits of attaining the proposed 1-hour
and 8-hour standards, respectively, by air basin. Table B-6 presents estimates of the
annual health benefits of attaining either of the standards, whichever provides the
greatest amount of control.

Our first sensitivity analysis examined the implications of alternative exposure
assessments. In the first assessment, we interpolated concentrations for each census
tract using nearby monitoring data. The results for mortality are similar to those obtained
using the base-case approach. Attaining the 1-hour ozone standard statewide using
census-tract interpolations lead to 570 deaths compared to 580 deaths avoided using
our base-case approach. In the second assessment using county-wide average
concentrations, similar results, about 630 deaths, are obtained.

In our second sensitivity analysis, we examined the implications of assuming alternative
threshold models. If we assumed a threshold of 60 ppb and a 40% increase of the slope
of the remaining higher concentrations, it resulted in about a 10% decrease in health
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outcomes. For example, mortality would decrease from 580 to 520. The breakeven
point associated with a 40% increase in the slope would be about 55 ppb. In other
words, if the slope at the higher end of exposure was 40% greater than the slope for the
full range of exposures, we would obtain the same number of cases as in the base
case, if the higher slope estimate was applied to concentrations greater than 55 ppb.
For an assumed threshold of 70 ppb, the slope would have to increase by about 140%
to get the same number of cases as in base case, non-threshold model. If we assumed
a threshold at 50 ppb with a 100% increase in the remaining slope, the estimate number
of case would increase by about 70%.

Uncertainties and Limitations

There are a number of uncertainties involved in quantitatively estimating the health
benefits associated with reductions in outdoor air pollution. Over time, some of these
will be reduced as new research is conducted. However, some uncertainty will remain in
any estimate. Below, we briefly discuss some of the major uncertainties and limitations
of these estimated health benefits. These issues are discussed in more detail in
Chapter 10 (also see Levy et al., 2001; Thurston and Ito, 1999).

Developing concentration-response functions

A primary uncertainty is the choice of the specific studies and concentration-response
functions used in this quantification. Several challenges and unresolved issues present
themselves with respect to designing and interpreting time-series studies of ozone-
related health effects. The principal challenge facing the analyst in the daily time series
context is to remove bias due to confounding by short-term temporal factors operating
over time scales from days to seasons. The correlation of ozone with these confounding
terms tends to be higher than that for PM or other gaseous pollutants. Thus, model
specifications that may be appropriate for PM, the primary focus of much of the
available literature, may not necessarily be adequate for ozone. Few studies to date
have thoroughly investigated these potential effects with reference to ozone, introducing
an element of uncertainty into the health benefits analysis.

Of particular importance is the strong seasonal cycle for ozone, high in summer and low
in winter, which is opposite to the usual cycle in daily mortality and morbidity, which is
high in winter and low in summer. Inadequate control for seasonal patterns in time
series analyses leads to biased effect estimates. In the case of ozone, inadequate
seasonal pattern control generally yields statistically significant inverse associations
between ozone and health outcomes. In contrast, for winter-peaking pollutants such as
CO and NOg2, the bias is toward overly positive effect estimates. Also, temporal cycles in
daily hospital admissions or emergency room visits are often considerably more
episodic and variable than is usually the case for daily mortality. As a result, smoothing
functions that have been developed and tuned for analyses of daily mortality data may
not work as well at removing cyclic patterns from morbidity analyses.

Potential confounding by daily variations in co-pollutants and weather is another
analytical issue to be considered. With respect to co-pollutants, daily variations in ozone
tend not to correlate highly with most other criteria pollutants (e.g., CO, NO2, SOz,
PM10), but may be more correlated with secondary fine particulate matter (e.g., PM2.5)
measured during the summer months. Assessing the independent health effects of two
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pollutants that are somewhat correlated over time is problematic. However, much can
be learned from the classic approach of first estimating the effects of each pollutant
individually, and then estimating their effects in a two-pollutant model. For this reason,
we have emphasized use of studies that have also controlled for PM.

The choice of the studies and concentration-response functions used for health impact
assessment can affect the benefits estimates. Because of differences, likely related to
study location, subject population, study size and duration, and analytical methods,
effect estimates differ somewhat between studies. We have addressed this issue by
emphasizing meta-analyses and multi-city studies, and also by presenting estimates
derived from several studies.

To a substantial degree, the growing literature on acute ozone effects is an artifact of
interest in studying acute PM effects. For example, of the 84 time-series mortality
studies published between 1995 and mid-2004, 35 studies examined PM but not ozone;
47 studies examined both PM and ozone; and only 2 studies examined ozone but not
PM. In many of the multi-pollutant studies, ozone is treated primarily as a potential
confounder of the PM effects under study. As a result, many of these studies lack
specific hypotheses regarding mortality effects of ozone, and fail to provide the range
and depth of analyses, including sensitivity analyses, that would be most useful in
judging whether ozone is an independent risk factor for acute mortality. This is in
contrast to morbidity studies where hypotheses regarding ozone effects on respiratory
symptoms, lung function, hospitalization and ER visits, etc. have been studied with
ozone treated as a key pollutant. Fortunately, studies of short-term exposure and
mortality have been replicated in many cities throughout the world, under a wide range
of exposure conditions, climates and covarying pollutants. As a result, the evidence of
an effect of ozone on premature mortality is compelling. Nevertheless, uncertainty
remains about the actual magnitude of the effect and the appropriate confidence
interval.

Thresholds

A second maijor uncertainty relates to the general shape of the concentration-response
function and the existence of a threshold. This is discussed in detail earlier, with the
conclusion that there is little evidence for a threshold. An important consideration in
determining if a safe level of ozone can be identified is whether the CR relationship is
linear across the full concentration range or instead shows evidence of a threshold.
Among the ozone epidemiology literature, only a few studies of hospital admissions and
emergency room visits have examined the shape of the CR function. These studies also
provide the only epidemiologic investigations into whether or not there is an ozone
effect threshold. Since only a few studies have investigated whether there is an effect
threshold, and the few studies available do not cover all endpoints, the epidemiologic
literature does not provide a basis for concluding whether or not there is a population
effect threshold. However, many of the studies were conducted at fairly low
concentrations of ambient ozone, so we are never extrapolating beyond the range of the
studies. Therefore, for this analysis, we have assumed that there is no threshold for
ozone effects and we estimated benefits down to an assumed background
concentration of 0.04 ppm. To the extent that there may not be health effects below the
proposed ozone standard, the analysis may overestimate the impacts of reducing
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ozone. However, we also conducted a sensitivity analysis with an assumption of
different possible thresholds. In doing so, we also adjusted the slope of the upper
segment of the ozone concentrations to conform with the implications of a threshold
model. If we had assumed zero benefits accrue below the proposed standards and
provided no adjustment to the concentration-response functions, our estimates would
be reduced by about 80%.

A related issue is that limited data suggest that ozone effects may be seasonal. While
analysis of year round data suggests positive associations between a number of
endpoints and ozone exposure, some data sets that have been analyzed seasonally
report positive RR estimates for summer and negative RR estimates for winter. The
cause of this phenomenon has not been adequately investigated, but may be related to
thresholds, differences in personal exposure between seasons, or to co-pollutant
exposures. In light of this uncertainty, this analysis used year-round effect estimates. In
addition, the relatively long, warm season in California may make the summer estimates
more relevant than those of the winter season.

Assumptions about rollback

A further uncertainty concerns the process used to design and implement strategies for
controlling ozone-producing compounds. Such control strategies have been designed
with the objective of reducing ozone episodes during worst-case meteorological
conditions. In addition, basin-wide strategies have focused on the ozone concentrations
at the highest (design) site in each basin. How these strategies would affect other sites
during dissimilar episodes cannot be answered with certainty. Site-by-site analyses
almost always have found that trends for multiple sites within a basin are very similar to
each other. Similarly, monthly trends within a basin have usually proved to be similar,
while the prevalence of different episode types may be markedly different for different
months during the overall ozone season. (See trend analysis in the Supplement).

Unquantified adverse effects

An additional limitation in this analysis is the inability to quantify all possible health
benefits that could be associated with achieving the proposed ozone standards, since
estimates are provided for only a subset of possible adverse outcomes. For example,
estimates of the effects of ozone on asthma exacerbation and long-term changes in
lung function are not presented. Although there is some evidence for such effects, the
available data were either too inconsistent or sparse to justify quantification of possible
benefits of achieving the proposed ozone standards. To the extent that certain important
health outcomes were excluded, we may have underestimated the health benefits of the
proposed standards.

Baseline rates of mortality and morbidity

There is also uncertainty in the baseline rates for the investigated health outcomes in
the studied population. Often, one must assume a baseline incidence level for the city or
country of interest. In addition, incidence can change over time as health habits, income
and other factors change.

Exposure assessment

There are likely uncertainties in the statewide exposure assessment, and in whether the
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existing monitoring network provides representative estimates of exposure for the
general population. We have attempted to reproduce the same relationship between
monitor readings and exposure as in the original epidemiological studies. Most of these
studies use population-oriented, background, fixed site monitors, often aggregated to
the county level. The available epidemiological studies have used multiple pollutant
averaging times, and we have proposed conversion ratios for 1-hour to 8-hour and 24-
hour ozone concentrations based on national estimates. A preliminary examination of
the California monitoring data indicates that the ratios are similar to those found in the
highly populated areas of the State. However, uncertainty is added to the estimated
benefits of attainment of the proposed standards to the extent the converted
concentration bases differ from monitored concentrations.

Summary

The purpose of this appendix is to provide quantitative estimates of some of the health
benefits that may accrue from a hypothetical control strategy that brings the State into
attainment with the proposed ozone standards. This assessment should not be
regarded as exhaustive, since we have provided estimates only for a selection of the
most plausible effects for which there were high quality studies from which to derive CR
functions. However, the results presented support the conclusion that significant public
health benefits would result from statewide attainment of the proposed ambient air
quality standards for ozone.

It is estimated that attainment of the proposed ozone standards throughout California
would avoid a significant number of adverse health effects each year. The higher central
estimate between the values calculated for 1-hour and 8-hour averaging times is given
below.

¢ 580 (290 — 870, probable range) premature deaths for all ages.

¢ 3,800 (2,200 — 5,400, 95% confidence interval (Cl)) hospitalizations due to respiratory
diseases for all ages.

¢ 600 (360 — 850, 95% CI) emergency room visits for asthma for children under 18
years of age.

¢ 3.3 million (430,000 — 6,100,000, 95% CI) school absences for children 5 to 17
years of age.

e 2.8 million (1.2 million — 4.6 million, 95% CI) minor restricted activity days for
adults above 18 years of age.

The reader is cautioned that since 1-hour and 8-hour concentrations are highly
correlated, it is not appropriate to add the estimated benefits from Tables B-2 and B-3
together.

As noted above, there are several important assumptions and uncertainties in this
analysis. Some concern the study design, the statistical modeling methodologies used,
and the selection of studies from which the CR functions are derived. Few studies have
investigated the shape of the CR function, or whether there is a population response
threshold for health endpoints other than emergency room visits for asthma. Further, but
likely small, uncertainty is added by assumptions in the statewide exposure

B-19



assessment. Nonetheless, when new evidence on mortality from short-term exposures
to ozone is published from the recent meta-analyses sponsored by the US EPA, we will
update our estimates and use the census-tract interpolation to characterize ambient
ozone exposure. It should also be noted that since several health effects related to
acute exposure, and effects of chronic ozone exposure, are not included in the
estimates, the health benefits associated with lowering ozone exposure are likely
underestimated.
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Table B-1: Summary of Meta-Analyses Linking Daily Ozone to Mortality (for 10 ppb change in 24-hour average
ozone)

Study Author # of % Change in Mortality comment

Number studies (95% CI)

1 Anderson (2004) 15 1.13 (0.38 - 1.51) European studies only

2 Anderson (2004) 20 0.75(0.19-1.32) European studies corrected for possible
publication bias

3 Thurston+lto (2001) 7 1.37 (0.78 — 1.96) Earlier studies using non-linear
specification for temperature

4 Thurston+lto (2001) 19 0.89 (0.56 — 1.22) All earlier studies

5 Stieb et al. (2003) 109 1.12 (0.32 - 1.92) Meta-analysis including single and mult-
pollutant models

6 Bell et. al. (2004) 95 0.25(0.12-0.39) NMMAPS, using lag(01)

7 Bell et. al. (2004) 95 0.52 (0.27 - 0.77) NMMAPS,lag(06)

8 Levy et al. (2001) 4 0.98 (0.59 — 1.38) Using relatively stringent inclusion criteria

9 Levy et al. (2001) 15 0.80 (0.60 — 1.00) Using less stringent inclusion criteria

10 Gryparis et al. (2004) 23 0.5 (-0.38 — 1.30) APEHAZ2 studies in Europe, all year

11 Gryparis et al. (2004) 23 1.65 (0.85 - 2.60) APEHA2 studies in Europe, summer only
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Table B-2: California Annual Health Benefits from Attaining a 1-hour Ozone
Standard of 0.09 ppm*

Estimated Beta (% per 10

Avoided Incidence (cases/year)

Health Endpoint Population A .
ppb) (95% Confidence Mean 95% Confidence Interval
Interval)

Premature Mortality

due to Short-term All ages 0.0040 (0.0020 - 0.0060)** | 580 (290 — 870) **

Exposures

Hospital Admissions

for Respiratory All ages 0.0164 (0.0095 - 0.0228) 3,800 (2,200 - 5,400)

Diseases

Emergency Room

Visits for Asthma Age < 18 0.0237 (0.01446 — 0.0329) | 600 (360 — 850)

School Loss Days Age 5-17 0.2123 (0.0334 — 0.3295) 3,300,000 (430,000 - 6,100,000)

Minor Restricted Age>18 | 0.0222 (0.0092 - 0.0350) | 2,800,000 (1,200,000 — 4,600,000)

Activity Days

*Base period 2001-2003. Since 1-hour and 8-hour concentrations are highly correlated,
it is not appropriate to add the estimated benefits from Tables B-2 and B-3 together.
**Results for premature mortality represent a probable range of likely values rather than
a 95% confidence interval since the coefficients were derived from examining the
evidence from several studies separately rather than combining their results.

B-22




Table B-3: California Annual Health Benefits from Attaining an 8-hour Ozone
Standard of 0.070 ppm*

Estimated Beta (% per 10

Avoided Incidence (casesl/year)

Health Endpolnt Population ppb) (95% Confidence Mean (95% Confidence Interval)
Interval)

Premature Mortality due 0.0053 (0.0027 — -

to Short-term Exposures All ages 0.0079)** 540 (270 - 810)

Hospital Admissions for |, Joos | 0.0218 (0.0126 - 0.0302) | 3,600 (2,000 —5000)

Respiratory Diseases

Emergency Room Visits | rqe <18 | 0.0314 (0.0192 - 0.0434) | 570 (340 — 800)

for Asthma

School Loss Days Age 5-17 | 0.2440 (0.0844 — 0.4034) 2’288'888)(760’000 -

Minor Restricted Activity Age > 18 0.0294 (0.0121 - 0.0462) 2,600,000 (1,100,000 —

Days

4,200,000)

*Base period 2001-2003. Since 1-hour and 8-hour concentrations are highly correlated,
it is not appropriate to add the estimated benefits from Tables B-2 and B-3 together.
**Results for premature mortality represent a probable range of likely values rather than
a 95% confidence interval since the coefficients were derived from examining the

evidence from several studies separately rather than combining their results.
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Table B-4: Annual Health Benefits from Attaining 1-hour Ozone Standard of Air
Basin of 0.09 ppm by Air Basin.

Minor
. . . . L EmergencyRoom | School | Restricted
Air Basin | Mortality | HospitalAdmissions Visits Absences | Activity
Days

Great Basin <1 <1 <1 340 370
Valley
Lake 0 0 0 0 0
County
Lake Tahoe <1 3 <1 2,500 2,400
Mountain 10 52 7 40,000 41,000
Counties
Mojave 43 300 50 280,000 220,000
Desert
North Coast <1 <1 <1 370 330
North 1 10 2 9,000 7,700
Central
Coast
Northeast 0 0 0 0 0
Plateau
South 300 2,100 330 | 1,700,000 | 1,600,000
Coast
South 16 110 16 97,000 83,000
Central
Coast
San Diego 24 160 22 120,000 120,000
San 23 150 21 100,000 120,000
Francisco
Bay
San 95 610 110 650,000 440,000
Joaquin
Valley
Salton Sea 20 120 20 120,000 88,000
Sacramento 39 220 32 170,000 170,000
Valley
Statewide 580 3,800 600 | 3,300,000 | 2,800,000

Note: Some columns may not add up to the statewide totals due to rounding. Since 1-hour and 8-hour
concentrations are highly correlated, it is not appropriate to add the estimated benefits from Tables B-4
and B-5 together. Table B-6 should be used to estimate the maximum health benefit per air basin. The
uncertainty behind the mortality estimates is on the order of +/- 50% and varies for other endpoints.
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Table B-5: Annual Health Benefits from Attaining 8-hour Ozone Standard of 0.070
ppm by Air Basin

Minor

. . . . . EmergencyRoom | School Restricted

Air Basin Mortality | HospitalAdmissions Visits Absences | Activity
Days

Great Basin <1 1 <1 650 820
Valley
Lake <1 <1 <1 35 53
County
Lake Tahoe 1 9 1 6,100 6,600
Mountain 12 62 8 41,000 50,000
Counties
Mojave 51 350 59 280,000 260,000
Desert
North Coast <1 1 <1 720 750
North 2 12 2 9,100 8,800
Central
Coast
Northeast <1 <1 <1 88 140
Plateau
South 260 1,700 270 | 1,100,000 | 1,300,000
Coast
South 17 120 18 92,000 91,000
Central
Coast
San Diego 25 170 23 110,000 130,000
San 14 92 13 51,000 72,000
Francisco
Bay
San 100 670 120 600,000 470,000
Joaquin
Valley
Salton Sea 21 130 21 110,000 91,000
Sacramento 39 220 32 140,000 160,000
Valley
Statewide 540 3,600 570 | 2,600,000 | 2,600,000

Note: Some columns may not add up to the statewide totals due to rounding. Since 1-hour and 8-hour
concentrations are highly correlated, it is not appropriate to add the estimated benefits from Tables B-4
and B-5 together. Table B-6 should be used to estimate the maximum health benefit per air basin. The
uncertainty behind the mortality estimates is on the order of +/- 50% and varies for other endpoints.
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Table B-6: Annual Health Benefits from Attaining Both 1-hour and 8-hour Ozone
Standards by Air Basin

Minor

. . . . . EmergencyRoom | School | Restricted

Air Basin | Mortality | HospitalAdmissions Visits Absences | Activity
Days

Great Basin <1 1 <1 650 820
Valley
Lake <1 <1 <1 35 53
County
Lake Tahoe 1 9 1 6,100 6,600
Mountain 12 62 8 41,000 50,000
Counties
Mojave 51 350 59 280,000 260,000
Desert
North Coast <1 1 <1 720 750
North 2 12 2 9,100 8,800
Central
Coast
Northeast <1 <1 <1 88 140
Plateau
South 300 2,100 330 | 1,700,000 | 1,600,000
Coast
South 17 120 18 97,000 91,000
Central
Coast
San Diego 25 170 23 120,000 130,000
San 23 150 21 100,000 120,000
Francisco
Bay
San 100 670 120 650,000 470,000
Joaquin
Valley
Salton Sea 21 130 21 120,000 91,000
Sacramento 39 220 32 170,000 170,000
Valley

Note: The higher central estimate for the benefit values (either 1-hour or 8-hour averaging times) is given
above for each endpoint by air basin. The uncertainty behind the mortality estimates is on the order of +/-
50% and varies for other endpoints.

B-26




References

ARB (2004) Aerometric Data Analysis and Management System (ADAM)
http://www.arb.ca.gov/adam/welcome.html

Anderson HR, Atkinson RW, Peacock JL, Marston L, Konstantinou K. 2004. Meta-
analysis of time-series studies and panel studies of particulate matter (PM) and ozone.
Report of a WHO task group. World Health Organization.
(http://www.euro.who.int/document/e82792.pdf)

Anderson HR, Spix C, Medina S, Schouten JP, Castellsague J, Rossi G, Zmirou D,
Touloumi G, Wojtyniak B, Ponka A, Bacharova L, Schwartz J, Katsouyanni K. 1997. Air
pollution and daily admissions for chronic obstructive pulmonary disease in 6 European
cities: results from the APHEA project. Eur Respir J 10:1064-71.

Bates, DV. 2005. Personal statement made at Air Quality Advisory Committee Meeting,
January 12, 2005.

Bell M, McDermott A, Zeger S, Samet J, Dominici F. 2004. Ozone and short-term
mortality in 95 US urban communities, 1987-2000. JAMA 292, 19:2372-2378.

Burnett RT, Brook JR, Yung WT, Dales RE, Krewski D. 1997. Association between
ozone and hospitalization for respiratory diseases in 16 Canadian cities. Environ Res
72:24-31.

Burnett RT, Dales RE, Raizenne ME, Krewski D, Summers PW, Roberts GR, Raad-
Young M, Dann T, Brook J. 1994. Effects of low ambient levels of ozone and sulfates on
the frequency of respiratory admissions to Ontario hospitals. Environ Res 65:172-94.

Burnett RT, Smith-Doiron M, Stieb D, Raizenne ME, Brook JR, Dales RE, Leech JA,
Cakmak S, Krewski D. 2001. Association between ozone and hospitalization for acute
respiratory diseases in children less than 2 years of age. Am J Epidemiol 153:444-52.

Friedman MS, Powell KE, Hutwagner L, Graham LM, Teague WG. 2001. Impact of
changes in transportation and commuting behaviors during the 1996 Summer Olympic
Games in Atlanta on air quality and childhood asthma. JAMA 285:897-905.

Gilliland FD, Berhane K, Rappaport EB, Thomas DC, Avol E, Gauderman WJ, London
SJ, Margolis HG, McConnell R, Islam KT, Peters JM. 2001. The effects of ambient air
pollution on school absenteeism due to respiratory ilinesses. Epidemiology 12:43-54.

Gryparis A, Forsberg, B, Katsouyanni K, Analitis A, Touloumi G, Schwartz J, Somoli, E,
Medina S, Anderson R, Niciu, E, Wichmann H, Kriz B, Kosnik M, Skordovsky J, Vonk J,
Dorbudak Z. 2004. Acute effects of ozone on mortality from the “Air Pollution and
Health: A European Approach” project. Am J Respir Crit Care Med 170: 1080-1087.

Hall JV, Brajer V, Lurmann FW. 2003. Economic valuation of ozone-related school

absences in the south coast air basin of California. Contemporary Economic Policy
21:407-417.

B-27



Hubbell, BJ, Halberg A, McCubbin, DR, Post, E. 2005. Health-related benefits of
attaining the 8-hr ozone standard. Environ Health Perspect 113:73-82.

Jaffe DH, Singer ME, Rimm AA. 2003. Air pollution and emergency department visits for
asthma among Ohio Medicaid recipients, 1991-1996. Environ Res 91:21-8.

Levy JI, Carrothers TJ, Tuomisto JT, Hammitt JK, Evans JS. 2001. Assessing the public
health benefits of reduced ozone concentrations. Environ Health Perspect 109:1215-26.

National Research Council. 2002. Estimating the public health benefits of proposed air
pollution regulations. Washington, D.C.: National Academy Press.

Ostro BD, Rothschild S. 1989. Air pollution and acute respiratory morbidity: an
observational study of multiple pollutants. Environ Res 50 :238-47.

Romieu |, Meneses F, Sienra-Monge JJ, Huerta J, Ruiz Velasco S, White MC, Etzel RA,
Hernandez-Avila M. 1995. Effects of urban air pollutants on emergency visits for
childhood asthma in Mexico City. Am J Epidemiol 141:546-53.

Samet JM, Zeger SL, Dominici F, Curriero F, Coursac |, Dockery DW et al. (2000). The
National Morbidity, Mortality, and Air Pollution Study. Part II: Morbidity and mortality
from air pollution in the United States. Health Effects Institute (94 Pt 2).

Schwartz J. 1997 Health effects of air pollution from traffic. ozone and particulate
matter. Health at the crossroads: transport policy and urban health. New York: John
Wiley.

Stieb DM, Burnett RT, Beveridge RC, Brook JR. 1996. Association between ozone and
asthma emergency department visits in Saint John, New Brunswick, Canada. Environ
Health Perspect 104:1354-60.

Stieb DM, Judek S, Burnett RT. 2003. Meta-analysis of time-series studies of air
pollution and mortality: update in relation to the use of generalized additive models. J Air
Waste Manag Assoc 53:258-261.

Thurston, G.T. and Ito, K. 1999. Epidemiologic studies of ozone exposure effects. In: Air
Pollution and Health (Holgate ST, Samet JM, Koren Hs, Maynard RL, eds.)
London:Academic Press.

Thurston GD, Ito K. 2001. Epidemiological studies of acute ozone exposures and
mortality. J Expo Anal Environ Epidemiol 11: 286-94.

Thurston GD, Ito K, Hayes CG, Bates DV, Lippmann M. 1994. Respiratory hospital
admissions and summertime haze air pollution in Toronto, Ontario: consideration of the
role of acid aerosols. Environ Res 65: 271-90.

Tolbert PE, Mulholland JA, Macintosh DL, Xu F, Daniels D, Devine OJ, Carlin BP, Klein

B-28



M, Dorley J, Butler AJ, Nordenberg DF, Frumkin H, Ryan PB, White MC. 2000. Air
quality and pediatric emergency room visits for asthma in Atlanta, Georgia, USA. Am J
Epidemiol 151:798-810.

U.S. Environmental Protection Agency. 1999. The benefits and costs of the clean air act
1990 to 2010: EPA report to Congress. Washington, D.C.: Office of

Air and Radiation and Office of Policy. Report No.: EPA-410-R-99-001, November.
(http://www.epa.gov/air/sect812/copy99.html).

U.S. Environmental Protection Agency. 2004. Advisory on plans for health effects
analysis in the analytical plan for EPA's second prospective analysis benefits and costs
of the clean air act, 1990-2020; advisory by the health effects subcommittee of the
advisory council on clean air compliance analysis. Washington, D.C. Report No.: EPA-
SAB-COUNCIL-ADV-04-002 Environmental.

(http://www.epa.gov/sab/pdf/council adv_04002.pdf)

B-29


http://www.epa.gov/air/sect812/copy99.html
http://www.epa.gov/sab/pdf/council_adv_04002.pdf

Supplement to Appendix B
Rollback Formulae

For the technical reader, the mathematical formulae for our rollback procedure follow.
Denote:
OzCurrent = current daily ozone observed value,
BasinMax = design value based on three years of measured data,
BG = background ozone of 0.04 ppm,
Std = proposed standard (0.09 ppm for 1-hour and 0.070 ppm for 8-hour), and
OzAttain = rolled-back ozone value in the “attainment” scenario.

First, the reduction percentage (or reduction factor RF) was calculated for each basin as
follows:

If BasinMax > Std, then RF = (BasinMax - Std) / (BasinMax — BG).

If BasinMax <= Std, then RF = 0.

The rollback factor, 1-RF, is applied as follows. For all sites within the basin, the portion
of the site’s current ozone levels above background was adjusted:

If OzCurrent > BG, then OzAttain = BG + (1 - RF) x (OzCurrent — BG).

If OzCurrent <= BG, then OzAttain = OzCurrent.

The change in ozone concentrations is OzCurrent — OzAttain, calculated at the daily
level for each site, which is the difference between the observed value and the rolled-
back value for each site on each day of the year.

Note that we used the actual levels of the standards, 0.09 and 0.070 ppm, in the
rollback rather than the maximal values that round to the standards as is done with air
quality modeling. Such modeling usually assumes worst-case meteorology, unlike our
methodology of using the three-year high value.

Rollback Method Development

The assumption of a constant rollback factor applied to an entire air basin was justified
through an empirical analysis of the trends in the percentiles at South Coast Air Basin
monitoring sites. This air basin was selected for the analysis since the air quality trends
were clear, there is a range of coastal and inland environments, and a majority of
benefits are projected to occur in that air basin. Figures B-2 through B-11 and Tables B-
7 through B-16 provide examples of the results from that analysis, and the materials are
representative of the results used for development of the rollback factor applied in the
benefits analysis. In the graphs, the dotted line indicates the ozone standard, and the
dashed line represents the assumed background level. Due to space limitations, the
legend for every percentile line was not provided. However, the reader is advised to
examlne the solid Imes in each graph from top to bottom, to represent the maX|mum

90 percentile, 80 percentile, 70 percentile, 60 percentile, 50 percentile, and 40
percentile of the annual distribution of ozone measurements.
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Briefly, the analysis showed that since 1980, the trend in the monitored values
associated with the distribution of percentiles was consistently downward, and that the
relationships were relatively parallel and linear. Consequently, we assumed a constant
rollback factor based on a basin’s three-year high value, and applied it to all daily high
values at all sites within the basin. In other words, when a control strategy is geared
towards reducing the highest ozone levels in an air basin, its impact on days with low
and moderate ozone levels is comparable to those days with high ozone levels.

Estimation of Exposed Population

To estimate the number of people exposed to the ozone changes observed at each
monitoring site, the county population was divided by the number of monitoring sites in
a given county. For example, suppose a county has N monitoring stations and
population POP according to year 2000 census. Then we would estimate that (POP/N)
persons were exposed to ozone levels at each of the N monitors within this county. The
health incidences were then calculated based on the concentration-response functions
relating changes in ozone concentrations and exposed population for each day at each
monitor. The sensitivity of this methodology is discussed in detail on page B-15.
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Trends in Annual Percentiles of the
Daily Max. 1-Hr Ozone in the South Coast Air Basin

(three-year averages for percentiles 40, 50, 60, 70, 80, 90 and Max)
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Figure B-2: Trends in Annual Percentiles of Daily Max 1-hour Ozone in the
South Coast Air Basin
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Table B-7: Summary of Trends in Annual Percentiles of the Daily

Max. 1-Hr Ozone in the South Coast Air Basin

Average Value During Period

Indicator 1980-1982 | 1990-1992 | 2000-2002
Maximum 0.427 0.317 0.183

A% above background 28% 63%
90'" Percentile 0.273 0.207 0.125

A% above background 29% 64%
80™ Percentile 0.217 0.170 0.109

A% above background 26% 61%
70'™" Percentile 0.177 0.140 0.096

A% above background 27% 59%
60™ Percentile 0.147 0.117 0.086

A% above background 28% 57%
50™ Percentile 0.113 0.100 0.075

A% above background 18% 53%
40" Percentile 0.090 0.078 0.064

A% above background 24% 52%

note: Delta % above background is the change in the portion of measured ozone since
1980-82 above "background”, where background is defined as 0.04 ppm.
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Trends in Annual Percentiles of the
Daily Max. 8-Hr Ozone in the South Coast Air Basin

(three-year averages for percentiles 40, 50, 60, 70, 80, 90 and Max)
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Figure B-3: Trends in Annual Percentiles of Daily Max 8-hour Ozone in the

South Coast Air Basin
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Table B-8: Summary of Trends in Annual Percentiles of the Daily

Max. 8-hr Ozone in the South Coast Air Basin

Average Value During Period

Indicator 1980-1982 | 1990-1992 | 2000-2002
Maximum 0.294 0.205 0.145

A% above background 35% 59%
90" Percentile 0.197 0.148 0.102

A% above background 31% 61%
80" Percentile 0.165 0.127 0.091

A% above background 30% 60%
70" Percentile 0.135 0.109 0.080

A% above background 28% 58%
60" Percentile 0.111 0.091 0.071

A% above background 28% 57%
50" Percentile 0.084 0.074 0.062

A% above background 22% 51%
40" Percentile 0.068 0.059 0.056

A% above background 32% 44%

note: Delta % above background is the change in the portion of measured ozone since

1980-82 above "background”, where background is defined as 0.04 ppm.
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Trends in Annual Percentiles of the
Daily Max. 1-Hr Ozone at N. Long Beach

(three-year averages for percentiles 40, 50, 60, 70, 80, 90 and Max)
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Figure B-4: Trends in Annual Percentiles of Daily Max 1-hour Ozone at
N. Long Beach
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Table B-9: Summary of Trends in Annual Percentiles of the Daily

Max 1-hour Ozone at N. Long Beach

Average Value During Period

Indicator 1980-1982 | 1990-1992 | 2000-2002
Maximum 0.217 0.127 0.113

A% above background 51% 58%
90™ Percentile 0.087 0.070 0.063

A% above background 36% 50%
80" Percentile 0.067 0.057 0.055

A% above background 38% 45%
70" Percentile 0.053 0.050 0.049

A% above background 25% 30%
60™ Percentile 0.047 0.043 0.044

A% above background 50% 40%
50" Percentile 0.037 0.037 0.041

A% above background Percentiles are below background.
40" Percentile 0.030 0.030 0.036

A% above background

Percentiles are below background.

note: Delta % above background is the change in the portion of measured ozone since
1980-82 above "background”, where background is defined as 0.04 ppm.
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Trends in Annual Percentiles of the
Daily Max. 8-Hr Ozone at N. Long Beach

(three-year averages for percentiles 40, 50, 60, 70, 80, 90 and Max)
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Figure B-5: Trends in annual percentiles of daily max 8-hour ozone at
N. Long Beach
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Table B-10: Summary of Trends in Annual Percentiles of the

Daily Max 8-hour Ozone at N. Long Beach

Average Value During Period

Indicator 1980-1982 | 1990-1992 | 2000-2002
Maximum 0.105 0.091 0.077

A% above background 21% 43%
90'" Percentile 0.053 0.050 0.049

A% above background 28% 33%
80" Percentile 0.043 0.041 0.044

A% above background 59% -29%
70" Percentile 0.036 0.036 0.039

A% above background

Percentiles are below background.

60" Percentile 0.030 0.032 0.036

A% above background Percentiles are below background.
50" Percentile 0.025 0.028 0.033

A% above background Percentiles are below background.
40" Percentile 0.020 0.024 0.028

A% above background

Percentiles are below background.

note: Delta % above background is the change in the portion of measured ozone since

1980-82 above "background”, where background is defined as 0.04 ppm.
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Trends in Annual Percentiles of the
Daily Max. 1-Hr Ozone at L.A. - N. Main

(three-year averages for percentiles 40, 50, 60, 70, 80, 90 and Max)
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Figure B-6: Trends in annual percentiles of daily max 1-hour ozone
L.A. — N. Main
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Table B-11: Summary of Trends in Annual Percentiles of the Daily

Max 1-hour Ozone at L.A. - N. Main

Average Value During Period

Indicator 1980-1982 | 1990-1992 | 2000-2002
Maximum 0.337 0.197 0.127

A% above background 47% 1%
90™ Percentile 0.150 0.113 0.074

A% above background 33% 69%
80™ Percentile 0.120 0.090 0.064

A% above background 38% 70%
70'" Percentile 0.097 0.077 0.055

A% above background 35% 73%
60" Percentile 0.077 0.063 0.050

A% above background 36% 74%
50™ Percentile 0.063 0.050 0.044

A% above background 57% 84%
40" Percentile 0.050 0.043 0.037

A% above background

67%

100%

note: Delta % above background is the change in the portion of measured ozone since
1980-82 above "background”, where background is defined as 0.04 ppm.
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Trends in Annual Percentiles of the
Daily Max. 8-Hr Ozone at L.A. - N. Main

(three-year averages for percentiles 40, 50, 60, 70, 80, 90 and Max)
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Figure B-7: Trends in annual percentiles of daily max 8-hour ozone at
L.A.-N. Main
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Table B-12: Summary of Trends in Annual Percentiles of the Daily

Max 8-hour Ozone at L.A. - N. Main

Average Value During Period

Indicator 1980-1982 | 1990-1992 | 2000-2002
Maximum 0.217 0.138 0.103

A% above background 45% 64%
90" Percentile 0.103 0.081 0.057

A% above background 36% 73%
80" Percentile 0.083 0.064 0.049

A% above background 44% 79%
70™ Percentile 0.068 0.055 0.044

A% above background 47% 87%
60" Percentile 0.054 0.047 0.039

A% above background 49% 100%
50" Percentile 0.043 0.039 0.034

A% above background 100% 100%
40" Percentile 0.033 0.031 0.029

A% above background Percentiles are below background.

|

note: Delta % above background is the change in the portion of measured ozone since

1980-82 above "background”, where background is defined as 0.04 ppm.
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Ozone (ppm)

Trends in Annual Percentiles of the

Daily Max. 1-Hr Ozone at Azusa
(three-year averages for percentiles 40, 50, 60, 70, 80, 90 and Max)
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Figure B-8: Trends in annual percentiles of daily max 1-hour ozone at

Azusa
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Table B-13: Summary of Trends in Annual Percentiles of the Daily
Max 1-hour Ozone at Azusa

Summary of Trends in Annual Percentiles of the

Daily Max. 1-Hr Ozone at Azusa

Average Value During Period

Indicator 1980-1982 | 1990-1992 | 2000-2002
Maximum 0.373 0.260 0.167

A% above background 34% 62%
90™ Percentile 0.227 0.163 0.090

A% above background 34% 73%
80" Percentile 0.180 0.130 0.075

A% above background 36% 75%
70" Percentile 0.133 0.110 0.065

A% above background 25% 73%
60" Percentile 0.107 0.087 0.056

A% above background 30% 7%
50" Percentile 0.080 0.067 0.047

A% above background 33% 83%
40" Percentile 0.063 0.050 0.039

A% above background 57% 100%

note: Delta % above background is the change in the portion of measured ozone since
1980-82 above "background”, where background is defined as 0.04 ppm.
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Trends in Annual Percentiles of the

Daily Max. 8-Hr Ozone at Azusa
(three-year averages for percentiles 40, 50, 60, 70, 80, 90 and Max)

0.30

0.25 \
_ 0.20 | \/
£
Q.
Z

015 1 T
(] M_
8 — \—\ Max

0.10

\—-\\
- m mm mm -M\_—H 90
i e —(— — e ——
0.00 \ \ \
1980 1985 1990 1995 2000
Year

Figure B-9: Trends in annual percentiles of daily max 8-hour ozone at
Azusa
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Table B-14: Summary of Trends in Annual Percentiles of the Daily
Max 8-hour Ozone at Azusa

Average Value During Period

Indicator 1980-1982 | 1990-1992 | 2000-2002
Maximum 0.242 0.170 0.123

A% above background 35% 59%
90™ Percentile 0.155 0.108 0.068

A% above background 41% 76%
80" Percentile 0.123 0.088 0.057

A% above background 41% 79%
70" Percentile 0.093 0.074 0.050

A% above background 36% 82%
60" Percentile 0.074 0.059 0.043

A% above background 46% 100%
50" Percentile 0.054 0.046 0.036

A% above background 60% 100%
40" Percentile 0.043 0.036 0.030

A% above background 100% 100%

note: Delta % above background is the change in the portion of measured ozone since

1980-82 above "background”, where background is defined as 0.04 ppm.
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Trends in Annual Percentiles of the

Daily Max. 1-Hr Ozone at Crestline
(three-year averages for percentiles 40, 50, 60, 70, 80, 90 and Max)
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Figure B-10: Trends in annual percentiles of daily max 1-hour ozone at
Crestline
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Table B-15: Summary of Trends in Annual Percentiles of the Daily
Max 1-hour Ozone at Crestline

Average Value During Period

Indicator 1980-1982 | 1990-1992 | 2000-2002
Maximum 0.330 0.293 0.173

A% above background 13% 54%
90" Percentile 0.203 0.170 0.116

A% above background 20% 53%
80™ Percentile 0.170 0.143 0.100

A% above background 21% 54%
70™ Percentile 0.137 0.117 0.086

A% above background 21% 52%
60™ Percentile 0.103 0.100 0.074

A% above background 5% 46%
50" Percentile 0.073 0.077 0.064

A% above background -10% 29%
40" Percentile 0.057 0.057 0.056

A% above background 0% 7%

note: Delta % above background is the change in the portion of measured ozone since
1980-82 above "background”, where background is defined as 0.04 ppm.
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Trends in Annual Percentiles of the

Daily Max. 8-Hr Ozone at Crestline
(three-year averages for percentiles 40, 50, 60, 70, 80, 90 and Max)
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Figure B-11: Trends in annual percentiles of daily max 8-hour ozone at
Crestline
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Table B-16: Summary of Trends in Annual Percentiles of the Daily
Max 8-hour Ozone at Crestline

Average Value During Period

Indicator 1980-1982 | 1990-1992 2000-2002
Maximum 0.257 0.197 0.143

A% above background 28% 53%
90'" Percentile 0.158 0.136 0.098

A% above background 18% 51%
80" Percentile 0.132 0.113 0.085

A% above background 21% 51%
70" Percentile 0.107 0.095 0.074

A% above background 17% 50%
60" Percentile 0.082 0.080 0.065

A% above background 4% 41%
50" Percentile 0.058 0.062 0.056

A% above background -22% 11%
40" Percentile 0.047 0.051 0.050

A% above background

-65%

-55%

note: Delta % above background is the change in the portion of measured ozone since

1980-82 above "background”, where background is defined as 0.04 ppm.
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Table B-17: Baseline Incidence Rates (Incidence/1000 Persons/Year)

Mortality (Short-Term Exposures)

Hospital Admissions, All

ER Visits for Asthma, Age

School Loss Days, All

County Name Non-Accidental, All Ages Respiratory, All Ages Under 18 lliness, Age 5-17 MRAD Age>18
Alameda County 6.60 10.13 3.81 5990.10 7805.39
Alpine County 7.40 10.13 3.81 5990.10 7805.39
Amador County 9.99 10.13 3.81 5990.10 7805.39
Butte County 10.40 10.13 3.81 5990.10 7805.39
Calaveras County 8.90 10.13 3.81 5990.10 7805.39
Colusa County 7.10 10.13 3.81 5990.10 7805.39
Contra Costa County 6.78 10.13 3.81 5990.10 7805.39
Del Norte County 8.41 10.13 3.81 5990.10 7805.39
El Dorado County 6.29 10.13 3.81 5990.10 7805.39
Fresno County 6.41 10.13 3.81 5990.10 7805.39
Glenn County 7.71 10.13 3.81 5990.10 7805.39
Humboldt County 8.51 10.13 3.81 5990.10 7805.39
Imperial County 5.44 10.13 3.81 5990.10 7805.39
Inyo County 11.81 10.13 3.81 5990.10 7805.39
Kern County 6.60 10.13 3.81 5990.10 7805.39
Kings County 5.66 10.13 3.81 5990.10 7805.39
Lake County 13.13 10.13 3.81 5990.10 7805.39
Lassen County 5.75 10.13 3.81 5990.10 7805.39
Los Angeles County 6.08 10.13 3.81 5990.10 7805.39
Madera County 6.35 10.13 3.81 5990.10 7805.39
Marin County 7.47 10.13 3.81 5990.10 7805.39
Mariposa County 9.48 10.13 3.81 5990.10 7805.39
Mendocino County 8.89 10.13 3.81 5990.10 7805.39
Merced County 6.29 10.13 3.81 5990.10 7805.39
Modoc County 11.62 10.13 3.81 5990.10 7805.39
Mono County 3.87 10.13 3.81 5990.10 7805.39
Monterey County 5.88 10.13 3.81 5990.10 7805.39
Napa County 10.45 10.13 3.81 5990.10 7805.39
Nevada County 8.56 10.13 3.81 5990.10 7805.39
Orange County 5.68 10.13 3.81 5990.10 7805.39
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Placer County 7.00 10.13 3.81 5990.10 7805.39
Plumas County 10.08 10.13 3.81 5990.10 7805.39
Riverside County 7.37 10.13 3.81 5990.10 7805.39
Sacramento County 7.14 10.13 3.81 5990.10 7805.39
San Benito County 5.06 10.13 3.81 5990.10 7805.39
San Bernardino County 6.10 10.13 3.81 5990.10 7805.39
San Diego County 6.41 10.13 3.81 5990.10 7805.39
San Francisco County 8.78 10.13 3.81 5990.10 7805.39
San Joaquin County 6.98 10.13 3.81 5990.10 7805.39
San Luis Obispo 7.87 10.13 3.81 5990.10 7805.39
County
San Mateo County 6.77 10.13 3.81 5990.10 7805.39
Santa Barbara County 6.80 10.13 3.81 5990.10 7805.39
Santa Clara County 5.19 10.13 3.81 5990.10 7805.39
Santa Cruz County 6.56 10.13 3.81 5990.10 7805.39
Shasta County 9.50 10.13 3.81 5990.10 7805.39
Sierra County 9.26 10.13 3.81 5990.10 7805.39
Siskiyou County 10.42 10.13 3.81 5990.10 7805.39
Solano County 5.90 10.13 3.81 5990.10 7805.39
Sonoma County 8.17 10.13 3.81 5990.10 7805.39
Stanislaus County 7.22 10.13 3.81 5990.10 7805.39
Sutter County 7.43 10.13 3.81 5990.10 7805.39
Tehama County 9.90 10.13 3.81 5990.10 7805.39
Trinity County 10.73 10.13 3.81 5990.10 7805.39
Tulare County 6.71 10.13 3.81 5990.10 7805.39
Tuolumne County 9.50 10.13 3.81 5990.10 7805.39
Ventura County 5.76 10.13 3.81 5990.10 7805.39
Yolo County 6.37 10.13 3.81 5990.10 7805.39
Yuba County 7.26 10.13 3.81 5990.10 7805.39
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Appendix C

Findings of the Air Quality Advisory Committee and Responses
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BERKELEY = DAVIS = IRVINE » LOS ANGELES » MERCED - RIVERSIDE + SAN DIEGO - SAN FRANCISCO 15 :- SANTA BARBARA « SANTACRUZ

Community and Environmental Medicine Faculty Research Facility
College of Medicine Irvine, CA 92697-1825
(949) 824-8642
(949) 824-2070 Fax

February 24, 2005
Dr. Richard Bode
Research Division
California Air Resources Board
1001 T Street
Sacramento, CA 95812

Sacramento, CA
Dear Dr. Bode:

The Air Quality Advisory Committee met on January 11and 12, 2005 to evaluate the
draft document “Review of the California Ambient Air Quality Standard For Ozone.”
The examination of the current air quality standards and the recommendations for
modification of those standards derived from the Children’s Environmental Health
Protection Act (Senate Bill 25) and a resulting document “Adequacy of California
Ambient Air Quality Standards: Children’s Environmental Health Protection Act” which
was published as a staff report in 2000. SB 25 prompted an analysis of the scientific basis
of the California air quality standards for particulate matter, sulfates, ozone, carbon
monoxide, nitrogen dioxide, lead, and sulfur dioxide.

In response to SB 25, an up to date examination of the scientific information relevant to
each of these standards that was published in peer reviewed documents was
commissioned fo determine if the current California standards were adequately protective
of children’s health. The staff of the Office of Environmental Health Hazard Assessment
(OEHHA) made an analysis of the findings and recommended a list of standards that
required re-review. The OEHHA analysis was deliberated by AQAC in a public meeting
and the list of standards to be reviewed was prioritized. The standard for ozone was
among those of highest priority for review.

In most respects, the committee was pleased with the document “Review of the
California Ambient Air Quality Standard for Ozone.” The committee went on record to
complement the staffs of the ARB and OEHHA for performing a very comprehensive
and careful compilation and analysis of the peer reviewed literature on sources,
monitoring and health effects of ambient ozone.

The draft document made the following recommendations.

1. Retain ozone as the indicator for oxidant air pollution.
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2. Retain the 1-hour-average standard for ozone at 0.09 ppm.
3. Establish an 8-hour-average standard for ozone at 0.070 ppm.

4. For both the 1-hour and 8-hour ozone standards, the concentrations for the standards
noted above are to be established as “not to be exceeded”.

5. Retain the current monitoring method for ozone which uses the ultraviolet (UV)
absorption method for determining compliance with the state Ambient Air Quality
Standard for ozone. Incorporate all federally approved UV methods (listed at
http://www.epa.gov/ttn/amtic/criteria.html) as California Approved Samplers
for ozone.

The AQAC discussed whether the UV-absorption method adequately measured other
oxidant gases. The AQAC submitted comments to the Chair and a list of findings and
suggested modifications was prepared. The committee suggests the deletion of
recommendation # 1 and unanimously endorses recommendations 2 through 5.

The specific comments of the AQAC on the draft document are appended to this letter.

The AQAC is extremely appreciative of the responsiveness and expertise of the the staffs
of OEHHA and the ARB. We commend them on the excellent job they did in reviewing
and summarizing the scientific literature in the complex area of ozone and its effects on
human health, and in establishing a set of ambient air quality standards that will protect
the health of California’s citizens and especially their children.

Finally, the AQAC strongly recommends that additional research is needed on the
possible effects of ozone on fetal and neonatal development, and that the ozone standard

should be reviewed in 5 years or less if significant new research results become available.

S_igcerely,

4 /
Y % AT
Michael T. Kleinman, Chair
Air Quality Advisory Committee

Cec: Bart Croes, Research Division
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Summary Comments of the Air Quality Advisory Committee

The staffs of OEHHA and the ARB provided an excellent review of the current literature
relevant to the sources, transport and health effects of ambient ozone (O3). The review
provided a firm basis for establishing the needs for health-based Os air quality
standards and the committee was unanimous in its appreciation of the effort and
diligence involved in producing the report.

The staffs’ recommendations for retaining the 1-hour O3 standard and adding a new 8-
hour standard at 70 ppb are well supported by the scientific evidence summarized in the
document. Given the charge to set standards protective of human health, the key factor
is the lowest exposure at which health effects have been demonstrated. This is
inevitably a matter of interpretation, but there are convincing clinical studies showing
lung function impairment at exposures as low as 80 ppb (6.6-hour average) and in some
cases lower. Epidemiology and toxicology studies, although not as useful for pinpointing
a lowest effect level, provide ample evidence of serious health effects of O3, including
hospitalizations for respiratory illness and asthma exacerbation. Recent evidence also
suggests that that long-term exposure may be associated with permanent lung injury
and that higher daily O3 concentrations are associated with higher mortality rates.

The Air Quality Advisory Committee (AQAC) provided comments on a chapter by
chapter basis and also addressed specific overarching questions that were submitted to
them during their review of the report.

Children’s protection, with an adequate margin of safety, is of paramount importance to
public health. While the measurable injury and morbidity may be small, there is a
developing body of knowledge that suggests that O; exposures early in life may
contribute to lung compromise later in life (i.e. effects may be cumulative). As the
committee indicates this is an area that has not been adequately researched and more
work is needed. In addition, children with chronic lung diseases such as
bronchopulmonary dysplasia, asthma and cystic fibrosis could be at special risk but,
with the possible exception of asthma, there has been little research effort in these
areas. Since asthma affects nearly 10% of the child population, the effects of O3 on this
group is of special importance. Although commented on in the draft document, it is
important to recognize that children have higher minute ventilation rates per unit lung
volume than do adults, hence their lungs receive greater doses of inhaled pollutants
than do adults for comparable exposures. It is important to recognize that children are
not “miniature adults” and this should be stressed in discussions of dose-response
relationships.

Although Chapters 11 and 12 and Appendix A summarize the literature regarding the
effects that ozone has on subjects (epidemiological and experimental) with chronic
respiratory diseases, most specifically asthma, this information is not mentioned in
Chapter 11 (Staff Recommendations). Individuals with chronic respiratory diseases are
more likely to have acute adverse effects than healthy individuals.
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Since there is little experimental data regarding the long-term effects of ozone on infants
and children, the evidence has been interpreted cautiously. This should be highlighted
as an area for research.

The Committee’s primary responsibility is to assess the adequacy of the scientific basis
for the proposed standards to protect public health. For this reason, our specific
comments are more detailed when dealing with health-related chapters than for other
chapters of the Draft Report. Our comments on the other chapters are primarily focused
on factors that might influence the interpretation of ambient air quality vis-a-vis public
health implications.

The document is in general extremely comprehensive and the committee appreciates
the extensive effort undertaken in its preparation. Below are suggestions and comments
of a more specific nature on a chapter-to-chapter basis. The committee supports the
suggested standards and the suggested form of the standards being expressed as not
to be exceeded, but suggests that even though this document does not specifically deal
with the efforts to meet the proposed standards, greater precision in the discussion of
how O3 is measured, what constitutes an exceedance and how limitations in the
monitoring capabilities may affect the exact level that “will not be exceeded”.

The committee does have some concerns. The previous standard was assessed with
respect to whether it adequately protected the health of children with some margin of
safety. The proposed 8 hr standard provides some margin of safety by limiting the
incidences of peak exposures that could be important in children’s exposures. The
decreased FEV1 reported in Kunzeli et al [Environ Res 72:8-23, 1997] in college
students and Gauderman et al [N Engl J Med 351:1057-67, 2004] suggest that O3
exposure during lung development may permanently impact lung function. One can ask
whether these effects start during fetal life similar to the impact of pre-natal ETS
exposure on the fetus (Hanrahan et al Amer J Respir Crit Care Med 145:1129-35, 1992
- higher airways resistance and smaller lungs; Tepper et al Am J Respir Crit Care Med
171:78-82, 2005 - lower airway function [FEF50, FEF25-75%, and 30% reduction in
FEF75%] but not increased airway reactivity [to methacholine] in infants with pre-natal
ETS exposure). The parallel to ETS exposure is should provoke interest in other studies
on newborns and early infancy to determine whether there are other similar untoward
effects of O3. Pre-natal ETS exposure is well documented to impair development of
respiratory control and increase the incidence of infant apnea and SIDS. While there
have been reports of a similar effect of O3 to ETS on birth weight [Parker et al,
Pediatrics 115:121-8, 2004] and body growth during adolescents [Jedrychowski et al
Environ Res 90:12-20, 2002], potential impaired CNS development with pre-natal O3
exposure has not been studied. The Committee feels that additional research efforts on
maternal, in utero and exposures during lung development are needed. If this
preliminary evidence is supported in future research results it may be necessary to
reconsider the form of the standard and include a longer terms exposure limit.

The Committee also feels strongly that an ozone-related research agenda should be

supported over the next 5 years and that it is of very high priority that the ozone air
quality standards be revisited in at most 5 years from now.
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Important research issues to be addressed prior to the next cycle of review for
ozone?

Acute toxicity mechanisms in sensitive populations (i.e. individuals with chronic
respiratory and heart diseases)

Long-term effects of early exposure to ozone on cardiorespiratory system, nervous
system and the developing organism.

Effects of O3 exposure below 0.08 ppm using current more sensitive methods related to
mechanisms of O3 effects on the cardiopulmonary system.

Interactions of ozone with organic vapors to form secondary organic aerosols (the
toxicity of these compounds is nearly unknown).

Several other suggestions are interspersed in the specific comments.

SPECIFIC COMMENTS

Chapter 1

Executive Summary — some modifications will be needed to include suggested changes
in specific chapters below. The standards are adequately supported. The document is
very comprehensive and it might be useful to insert into the Summary of Staff
recommendations, a list (not a paragraph) of known adverse effects for ozone exposure
to make it easier to put the rationale for the standards into context.

Chapter 2
Introduction and Overview — This chapter was very well written and provides the context
for the process of setting the O3 standard in a well balanced manner.

Chapter 3

Physics and Chemistry of O3 - To avoid any chance of confusion it should be specified
that ozone concentration is measured by volume, usually indicated with ‘(v)’ following
the unit. It would be less confusing if a single way of expressing concentration were
chosen and used throughout the document. Another issue is ‘significant figures.” This
could impact the interpretation of the standard. The attribution at 0.070 ppm suggests a
precision with 3 significant figures. Some discussion of how this is taken into account in
the establishment of guidelines for ozone monitoring and reporting should be inserted to
Chapter 6.

Chapter 4

Background Os in California - For research issues in the next cycle: background vs.
elevation, season and region might be further addressed — although 40 ppb(v) is a
reasonable estimate of the background for the discussion of the standard. The issue of
unusual incursions of O3 are important in the context of defining what constitutes an
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exceedance for regulatory purposes. This should be specified in this chapter as well as
in the monitoring chapter.

Chapter 5

O3 Precursor Emissions — This chapter does not mention natural emissions of
precursors. The information in Chapter 4 could be reintroduced to put the anthropogenic
precursors in perspective. This is especially important since unusual circumstances
(e.g. wildfires) will be considered in the evaluation of whether an area exceeds the
standard. If there are not enough data to include in the pie charts, perhaps a qualitative
summary statement could be included.

Chapter 6

The precision of ozone measurements is an issue that should be discussed. If a
monitoring method has a standard deviation of x, than any given reading would really
have a true value (t) of t £ 2x.(i.e. there is a limit on what would constitute an
exceedance). It would be useful to spell out what we mean by exceedance in Chapter 8.

Chapter 7
Exposure to O3 — The Committee did not request any additions.

Chapter 8

As mentioned for Chapter 6, there is some ambiguity with respect to precision of
measurements as to what constitutes a measurable difference above the standard. If it
is specified that the data will be in ppm with one significant figure rounding would allow
0.0749ppm to be truncated down to 0.07ppm—dropping to meet the standard as a
result. Rounding specification have been used in the past by USEPA. (For example,
EPA guidelines for data handling sometimes specify such round-off: see EPA-454/R-98-
017, which allows 0.084ppm to be “less than, or equal to, 0.08ppm”.)

On the other hand using ppb(v), with 70ppb(v) as the standard (to be reported to the
nearest 1ppb(v)), any concentration above 70.5ppb(v) is correctly seen as an
exceedance, rather than allowing 74 to comply.

It might make sense to specify something like ...ozone will be measured by volume
fraction, and recorded in ppb(v) to the nearest 1ppb(v).” The standards could be
stipulated as 90ppb(v) and 70ppb(v), respectively.

Chapter 9

The Committee did not address the Welfare Benefits, since its priority was human
health effects. It might be worthwhile, however, to mention that the benefits analysis
does not include the value of reducing ozone damage to cash crops, degradation of
property (i.e. premature wearing of painted surfaces).

Chapter 10 Health Benefits Analysis (now listed as Appendix B)

The health benefits assessment is not being used to set the health standards, and it is
not being used in a cost-benefit analysis, so an explanation about its purpose would be
helpful. Many comments from the public concerned the differences between the studies
used as the basis of the standard selection versus the studies used in the health
benefits assessment. It is appropriate that the two are different because the purposes of
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the two analyses are different, as the staff have pointed out in the response to public
comments. The introduction would help clarify and respond to some of these comments
if it included: (1) an explanation about the purpose of the health benefit assessment in
the context of the health standard review process, (2) an explanation of the reasons
why clinical studies are useful for standard setting but are not as useful for health
benefit assessment, and (3) an explanation of why monetary values for health effects
are not included.

Given the significance of the threshold assumptions for the results of the assessment,
and the limited information from the literature, it is appropriate to calculate benefits
under two alternative assumptions: (1) no threshold for any health effect category and
(2) the same threshold (based on asthma emergency room visits studies if that is the
best source) for all health effect categories, with adjustments to the estimated slope of
the concentration response above the threshold.

It is appropriate to change to a census tract level extrapolation from ambient monitor
concentrations for the health benefits assessment, rather than a county level
aggregation. A more detailed exposure assessment than this is not needed for the
health benefits assessment based on epidemiology studies because these are also
based on ambient concentrations.

Bell et al. (2004) recently published an analysis of the NMMAPS data focused on
ozone and their mean results are slightly higher than the previous NMMAPS results
reported: 0.52% per 10 ppb 24-hour average ozone, which translates to about 0.21%
per 10 ppb daily 1-hour high. This is still lower than the WHO central estimate, and the
analysis still includes the use of multiple temperature and season variables. However, it
covers 95 US cities, including 12 in California. The authors suggest that publication bias
could be one reason why their results are lower than Anderson et al., Levy et al., and
Stieb et al. report because the latter are based mostly on published studies for
individual cities. It also may be appropriate to include a sensitivity analysis based on the
“nearly significant” results for summer ozone based on recent ACS publication to show
what the implications are of these results relative to the daily mortality estimates. There
were also public comments given regarding forthcoming publications in Epidemiology
reporting new analyses of the potential relationship between ozone and mortality. Given
the significance of this health effect, the staff should consider incorporating this new
evidence if possible.

There are inevitably important uncertainties in a quantitative benefits analysis, not so
much about the nature of the health benefits but about their specific quantitative level.
The uncertainties have been described in Section 10.6, but it is a difficult section to
read. We suggest that the discussion of uncertainties in section 10.6 be edited to clarify
the main points and incorporate the results of the revised threshold sensitivity analysis.

Chapter 11

1. Controlled Exposures:
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The committee find that the review of human exposure studies was complete, current
and accurate, with a few small exceptions. Some areas could be strengthened. For
example, with respect to effective dose, the paragraph on p 11-212 could be improved
by repeating some of the details given on p 11-4, citing Adams’ (2003) comparison of
FEV1 responses to 6.6 hr exposure to 0.08 ppm vs. 2 hr exposure to 0.30 ppm Os.

In several places, reference is made to O3 inhalation effects on respiratory symptoms or
respiratory irritation when symptoms of breathing discomfort would be more accurate.

The examination of gender differences appears to be based on the corresponding
section of the USEPA Criteria Oz Document. It is the Committee’s understanding that
this section of the USEPA Criteria Document has been revised and there might be
some updated material that could be incorporated into the revised report.

The section on heat and humidity effects on Oz-induced pulmonary function and
symptoms responses does not mention that Gibbons and Adams (1984) noted that the
ability to complete a given O3 exposure was shortened when subjects were exercised
under higher temperature conditions than when studies were performed under normal
room temperature conditions. This could have some implications for summer exposures
in California when O3 exposures might be highest.

The summary statement on Adaptation (p 11-174) [“First, research suggests that
ventilatory responses and reduced exercise performance do not show response
attenuation with repeated exposures to O3 concentrations that lead to diminution

of pulmonary function responses”] is not accurate. Foxcraft and Adams (1986)
performed a repeated O3 exposure study. They did find reduced symptoms and
improved exercise performance after 4 consecutive days of 0.35 ppm O3 exposure,
while they also reported diminution of the Day 1 pulmonary function reduction by Day 4
of exposure.

The summary statement on p 11-17 [“exercise performance can be

reduced under conditions where O3 inhalation has induced pulmonary function
decrements and/or symptoms of respiratory discomfort. Significant reductions in
exercise performance have been reported at O3 concentrations as low as 0.06

ppm.”] should be qualified. The Linder (1988) observations have not been observed by
others using similar protocols at 0.06 ppm and higher (0.12 ppm) concentrations (Gong
et al. 1986; Schelegle and Adams, 1986). Also exercise tolerance and PF changes are
not always seen in concert (Gong et al., 1986; Foxcraft and Adams, 1986; Schlegle et
al., 1987).
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2. Toxicological Studies

Although there is to be discussion regarding ozone toxicity in infants and children, some
of the literature is missing in this document (Chapters 11 and Appendix A). Also, the
information regarding pre/postnatal exposure to ozone could be highlighted in separate
sections in Chapter 11 and Appendix A. Doing so could make it easier to tease out the
important information regarding age susceptibility/toxicity.

A few additional articles could be considered:

Carl, J., Bruce, H., and Jacob, F. (2004). Differential proinflammatory cytokine
responses of the lung to ozone and lipopolysaccharide exposure during postnatal
development. Exp Lung Res 30, 599-614.

Elsayed, N. M., Mustafa, M. G., and Postlethwait, E. M. (1982) Age-dependent
pulmonary response of rats to ozone exposure. J Toxicol Environ Health 9:835-48.

Finkelstein, J. N., and Johnston, C. J. (2004). Enhanced sensitivity of the postnatal lung
to environmental insults and oxidant stress. Pediatrics 113, 1092-1096.

Mariassy, A. T., Sielczak, M. W., McCray, M. N., Abraham, W. M., and Wanner, A.
(1989) Effects of ozone on lamb tracheal mucosa. Quantitative glycoconjugate
histochemistry. Am J Pathol 135:871-9.

Myers, B. A., Dubick, M. A., Gerriets, J. E., Reiser, K. M., Last, J. A., and Rucker, R. B.
(1986). Lung collagen and elastin after ozone exposure in vitamin B-6-deficient rats.
Toxicol Lett 30, 55-61.

Phalen, R. F., Crocker, T. T., McClure, T. R., and Tyler, N. K. (1986). Effect of ozone on
mean linear intercept in the lung of young beagles. J Toxicol Environ Health 17, 285-
296.

Rivas-Manzano, P., and Paz, C. (1999). Cerebellar morphological alterations in rats
induced by prenatal ozone exposure. Neurosci Lett 276, 37-40.

Romero-Velazquez, R. M., Alfaro-Rodriguez, A., Gonzalez-Pina, R., and Gonzalez-
Maciel, A. (2002). Effect of ozone prenatal exposure on postnatal development of
cerebellum. Proc West Pharmacol Soc 45, 65-67.

Sarangapani, R., Gentry, P. R., Covington, T. R., Teeguarden, J. G., and Clewell, H. J.,
3rd (2003). Evaluation of the potential impact of age- and gender-specific lung
morphology and ventilation rate on the dosimetry of vapors. Inhal Toxicol 15, 987-1016.

Sorace, A., de Acetis, L., Alleva, E., and Santucci, D. (2001). Prolonged exposure to low

doses of ozone: short- and long-term changes in behavioral performance in mice.
Environ Res 85, 122-134.
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Stephens, R. J., Sloan, M. F., Groth, D. G., Negi, D. S., and Lunan, K. D. (1978)
Cytologic responses of postnatal rat lungs to O3 or NO2 exposure. Am J Pathol 93:183-
200.

Tyson, C. A, Lunan, K. D., and Stephens, R. J. (1982) Age-related differences in GSH-
shuttle enzymes in NO2- or O3-exposed rat lungs. Arch Environ Health 37:167-76.

3. Have potential differential exposure and dose patterns among infants and
children been examined sufficiently in the document?

Sections 8.4 (Consideration of Infants and Children) and 8.7.4 (Consideration of Infants
and Children in Recommending the Ozone Standards) present general statements to
the effect that children receive a larger exposure of ozone. There is some literature on
this topic that could be cited. A table similar to that in Kleinman (1991) could be used.

Kleinman, M.T. Effects of ozone on pulmonary function: The relationship of response to
effective dose. J. Exposure Analysis and Environmental Epidemiology, 1:309-325,
1991.

Chapter 12. Epidemiologic Studies.

General comments:

Overall, this chapter provides a very thoughtful and comprehensive review of the
epidemiologic literature that fairly points to methodological weaknesses that in general,
have likely underestimated the impact of ozone on human health. This critique adds
some additional interpretation of these weaknesses. The choice of an ozone standard
based on susceptible populations is well supported by the evidence presented. Below
are some additional data to support the protection of populations at risk.

Although studies conducted in other parts of the country and internationally are clearly
relevant, studies in California are particularly relevant to this review. It is important for
this review to further interpret results of studies in California with respect to the
misclassification of O3 exposure based on region. The details of this were covered in
the exposure section but results of epidemiologic studies need to be interpreted with
this in mind. The use of air conditioning, air exchange rates and time indoors will all
dramatically influence personal O3 exposure. This was described in 12.2 under time
series studies in the last paragraph on page 12-22, but it also applies to the other study
designs. Studies conducted in inland areas of California where outdoor Os is highest
may have subjects who are less exposed to O3 than areas closer to the coast. The
California studies most influenced by this phenomenon are the studies by Delfino et al.
cited in section 12.1 and above, the 7" Day Adventist Cohort, and the Children's Health
Study (CHS) (Gilliland et al., 2001, and 12.3.5 CHS references). The CHS included
schoolchildren living in hotter inland areas of southern California. This phenomenon
may have partly explained the isolated results in the CHS for the increased risk of
asthma onset only among children playing three or more sports in the six out of 12
communities with higher O3 (McConnell et al., 2002). More outdoor exposure and
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increased O3 dose may have been a function of the physical activities. The text
reviewing McConnell et al, 2002 on p 12-54 only refers to "effect modification by
physical activity."

The impact of weather on behavior, air conditioning use, and therefore indoor exposure
to O3, may have also led to null results for lung function growth and O3 in the
prospective analysis of 4" graders in the CHS (12.3.5, p. 12-52, Gauderman et al,
2000). This contrasts significant results for particles, which have considerably greater
penetration and persistence in indoor environments. Note that the Gauderman et al.
(2000) study was notably updated recently with an 8-year follow-up of fourth graders
(Gauderman et al, 2004) in contrast to the 4-year follow-up in the 2000 publication. The
new study also found acid vapor and elemental carbon were associated with lung
function declines along with PM2 5 and NO..

Gauderman WJ, Avol E, Gilliland F, Vora H, Thomas D, Berhane K, McConnell R,
Kuenzli N, Lurmann F, Rappaport E, Margolis H, Bates D, Peters J. The effect of air
pollution on lung development from 10 to 18 years of age. N Engl J Med.
2004;351(11):1057-67.

Also of great importance in interpreting epidemiologic results is the issue of excessive
control for presumed confounding by outdoor temperature on effects of outdoor
(ambient) O3, particularly where there is lack of evidence for a direct heath effect of
local temperature ranges. Often results are not presented for O3 models without
temperature. This issue was described in section 12.2 under time series studies in the
second paragraph on page 12-22 and later in reference to the studies reviewed, but it
also needs to be referenced to the other study designs. An example of why ambient
temperature can have little direct relevance to health is shown in a personal PM
exposure assessment study of 19 asthmatic children living in inland San Diego County.
The magnitude of correlation between personal temperature and ambient O3 was far
less than for central site temperature over a 14-day monitoring period (r = 0.50 for 8-hr
O3 and 1-hr maximum outdoor temperature, vs. r = 0.10 for 8-hr O3 and 1-hr maximum
personal temperature) (Delfino et al., 2003). There was no association between
personal temperature and lung function in that study, but there were strong inverse
associations between personal PM and lung function. Ambient O3 was not associated
with lung function but the study was designed to assess personal PM effects and had
limited power to assess effects of central site exposures.

Delfino RJ, Quintana PJE, Floro J, Gastafiaga VM, Samimi BS, Kleinman MT, Liu L-JS,
Bufalino C, Wu C-F, McLaren CE. Association of FEV; in asthmatic children with
personal and microenvironmental exposure to airborne particulate matter. Environ
Health Perspect 2004, 112:932-41.

Specific comments:

12.1. Some relevant acute field studies were not discussed in this section, including
studies conducted in California. These include:
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Delfino RJ, Zeiger RS, Seltzer JM, Street DH. Symptoms in pediatric asthmatics and air
pollution: Differences in effects by symptom severity, anti-inflammatory medication use,
and particulate averaging time. Environ Health Perspect, 1998; 106: 751-61.

This study of schoolchildren with asthma in inland San Diego County showed significant
associations between asthma symptoms (bothersome or interfered with daily activities)
and Os, with similar associations for minimum to 90" percentile 1-hr (58 ppb) and 8-hr
O3 maximums (46 ppb). Associations for O3 and PMy were largely independent in
models incorporating both pollutants, and O3 associations were not confounded by
outdoor fungal spores. The study also showed significantly stronger associations
between asthma symptoms and O3 in a subset of asthmatics not taking anti-
inflammatory medications. Threshold analyses suggested effects below 80 ppb 1-hr O
maximum in this subset, but not among other subjects. 80 ppb 8-hr maximum O3z was
exceeded 25 times during the three-month study.

Mortimer KM, Tager IB, Dockery DW, Neas LM, Redline S. The Effect of Ozone on
Inner-City Children with Asthma. Identification of Susceptible Subgroups. Am J Respir
Crit Care Med 162:1838-1845 (2000).

Mortimer, et al. (2000) reported results of a series of 2-week asthma panels in 846 inner
city children with asthma living in low income neighborhoods. They found that O; was
inversely associated with PEF and positively associated with symptoms with the
strongest associations among children born of low birth weight or premature.

Delfino RJ, Gong H Jr, Linn WS, Hu Y, Pellizzari ED. Asthma symptoms in Hispanic
children and daily ambient exposures to toxic and criteria air pollutants. Environ Health
Perspect 2003; 111:647-656.

This study of Hispanic schoolchildren with asthma in LA showed significant associations
between asthma symptoms (bothersome or interfered with daily activities) and ambient
VOCs, PM4, elemental and organic carbon, but not Os;. However, O3, along with
formaldehyde and acetone were similarly associated with more severe symptoms
interfering with daily activities among a subset of children, particularly those on
maintenance medication. Odds ratios (OR) for interquartile increases in 1-hr O3 (14 ppb)
were identical to 8-hr O3 (11 ppb) (both ORs around 2.0), even though 1-hr O3 never
exceeded 52 ppb. See Table 4 in that paper for details.

12.1.3. Page 12-5:

The study by Gent and colleagues (2003) is large panel study with key findings. The
review should put the findings of effect modification from maintenance medication into
proper perspective. First, the biological mechanism of Os is in large part related to
airway inflammation as discussed in the Toxicology section. Therefore, medication that
controls airway inflammation such as inhaled corticosteroids would be expected to
dampen the effects of Os;. However, finding the opposite in a panel study such as Gent
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et al. (2003) is not unexpected if use of such medication is largely restricted to more
severe asthmatics, who are expected top be more susceptible to Os. The results
contrast findings of Delfino et al. (1998) showing significantly stronger association
between asthma symptom severity and O3 in asthmatic children not taking anti-
inflammatory medications, largely inhaled corticosteroids (ICS). Mortimer, et al. (2000,
discussed above) compared effects on asthma outcomes by outdoor O3 levels across
medication groups based on baseline data for prescribed medication. Associations
between incidence of symptoms and an increase of 15 ppb in O3 was largest among
those prescribed cromolyn but not ICS (OR 1.46, 95% CI 1.06, 2.01) followed by
nonsignificant ORs for those prescribed [3-agonists or xanthines only (1.18), ICS (1.08),
and no medication (1.04). The percentage change in PEF was also greatest among
those prescribed cromolyn but not ICS (-1.27, 95% CI -2.47, -0.06) followed by
nonsignificant PEF changes of around -0.5 for the other groups.

Section 12.2.

The review made the important point of describing residual confounding of ozone
effects by the co-adjustment approach in time series models, and the lack of stratified
analyses by season. This issue has not received adequate attention in the literature and
may explain many null findings. These potential analytic weaknesses and control for
temperature (see above) is particularly troubling for the null results in Los Angeles (Linn
et al, 2000; Mann et al., 2002 and Nauenberg and Basu, 1999) suggesting that new
studies and reanalysis of these studies are needed.

The committee concur with Dr. Bates that the Atlanta study by Friedman et al. (2001) is
particularly important in suggesting that lowering ozone will have major benefits in
reducing hospital admissions and ED visits. It is also important to point out that the
effects detected in Atlanta were related to a reduction in traffic, which includes a wide
range of toxic air pollutants including particle-bound in addition to ozone. Strong
correlation between ozone and PM in Atlanta has made it impossible to separate effects
of the two on asthma ED visits as reported by Tolbert (2000) reviewed in section 12-35.

typo in title of Table 12-2 Hospital was misspelled.

The statement on p 12-36, third paragraph, lines 11-12 is unclear. What is meant by
"self-selected" and "not quantitatively useful." All of these studies are subject to
exposure misclassification and air pollutant components (most unmeasured) could differ
by season, year and geographic location. These factors will lead to inconsistencies. For
instance, for the Delfino 1997a study, concentrations of PMo, PM,5, SO4, and H* were
significantly higher during 1992 than 1993 due to sulfate transport episodes, and O3
lower. Therefore, finding significant results in 1993 alone are not unexpected.

12.4.2: Similar to section 12.2.1, the presentation of important issues to understand in
time series analysis is excellent and provides thoughtful direction to further research.
The criticisms of smoothing functions that include midrange temperatures of
questionable clinical relevance are particularly informative and suggest that studies
using this method may have underestimated the effects of air pollutants including
ozone.
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Responses to Comments of the Air Quality Advisory Committee

Note: Staff responses are given in bold italics following each point raised by
AQAC.

The staffs of OEHHA and the ARB provided an excellent review of the current literature
relevant to the sources, transport and health effects of ambient ozone (O3). The review
provided a firm basis for establishing the needs for O3 air quality standards and the
committee was unanimous in its appreciation of the effort and diligence involved in
producing the report.

The Air Quality Advisory Committee (AQAC) provided comments on a chapter by
chapter basis and also addressed specific overarching questions that were submitted to
them during their review of the report.

Children’s protection, with an adequate margin of safety, is of paramount importance to
public health. While the measurable injury and morbidity may be small, there is a
developing body of knowledge that suggests that Os; exposures early in life may
contribute to lung compromise later in life (i.e. effects may be cumulative). As the
committee indicates this is an area that has not been adequately researched and more
work is needed. In addition, children with chronic lung diseases such as
bronchopulmonry displasia, asthma and cyctic fibrosis could be at special risk but, with
the possible exception of asthma, there has been little research effort in these areas.
Since asthma affects nearly 10% of the child population, the effects of O3 on this group
is of special importance. Although commented on in the draft document, it is important
to recognize that children have higher minute ventilation rates per unit lung volume than
do adults, hence their lungs receive greater doses of inhaled particles than do adults for
comparable exposures. It is important to recognize that children are not “miniature
adults” and this should be stressed in discussions of dose-response relationships.

A discussion of dosimetry in children has been added to the controlled studies
chapter. The review of animal toxicology studies that investigated effects in pre-
and post-natal animals in the controlled studies chapter has been expanded.

Although Chapters 11 and Appendix A summarize the literature regarding the effects
that ozone has on subjects (epidemiological and experimental) with chronic respiratory
diseases, most specifically asthma, this information is not mentioned in Chapter 8, Staff
Recommendations. Individuals with chronic respiratory diseases are more likely to have
acute adverse effects than healthy individuals.

A section on effects of ozone on people with chronic disease has been added to
the recommendation chapter (Chapter 11).
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Since there is little experimental data regarding the long-term effects of ozone on infants
and children, the evidence has been interpreted cautiously. This should be highlighted
as an area for research.

This topic has been added to the recommendations for future research.

The Committee’s primary responsibility is to assess the adequacy of the health basis for
the proposed standards. For this reason, our specific comments are more detailed when
dealing with health-related chapters than for other chapters of the Draft Report. Our
comments on the other chapters are primarily focused on factors that might influence
the interpretation of ambient air quality vis-a-vis public health implications.

The document is in general extremely comprehensive and the committee appreciates
the extensive effort undertaken in its preparation. Below are suggestions and comments
of a more specific nature on a chapter-to-chapter basis. The committee supports the
suggested standards and the suggested form of the standards being expressed as not
to be exceeded, but suggests that even though this document does not specifically deal
with the efforts to meet the proposed standards, greater precision in the discussion of
how O3 is measured, what constitutes an exceedance and how limitations in the
monitoring capabilities may affect the exact level that “will not be exceeded”.

Discussion of monitoring capabilities has been added to Chapter 6, which
discusses monitoring methods.

The committee does have some concerns. The previous standard was assessed with
respect to whether it adequately protected the health of children with some margin of
safety. The proposed 8 hr standard provides some margin of safety by limiting the
incidences of peak exposures that could be important in children’s exposures. We have
been provided information on the effects of ozone exposure on the developing lung,
albeit in non-human primates. The effects of ozone on the developing lung is one of
several areas that the Committee feels needs additional research efforts.

Discussion of this topic in the controlled studies chapter has been expanded, and the
topic added to the list of recommendations for future research.

The Committee also feels strongly that an ozone-related research agenda should be
supported over the next 5 years and that it is of very high priority that the ozone air
quality standards be revisited in at most 5 years from now.

Staff thanks the Committee for their comment.

Important research issues to be addressed prior to the next cycle of review for ozone?
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Acute toxicity mechanisms in sensitive populations (i.e. individuals with chronic
respiratory and heart diseases)

Long-term effects of early exposure to ozone on cardiorespiratory system, nervous
system and the developing organism.

Effects of O3 exposure below 0.08 ppm using current more sensitive methods related to
mechanisms of O3 effects on the cardiopulmonary system.

Interactions of ozone with organic vapors to form secondary organic aerosols (the
toxicity of these compounds is nearly unknown).

Several other suggestions are interspersed in the specific comments.

The Committee’s suggestions have been added to the research recomendations
section of the Staff recommendation.

SPECIFIC COMMENTS
Chapter 1

Executive Summary — some modifications will be needed to include suggested changes
in specific chapters below. The standards are adequately supported. The document is
very comprehensive and it might be useful to insert into the Summary of Staff
recommendations, a list (not a paragraph) of known adverse effects for ozone exposure
to make it easier to put the rationale for the standards into context.

The necessary modifications have been made, and the requested list added.

Chapter 2

Introduction and Overview — This chapter was very well written and provides the context
for the process of setting the O3 standard in a well balanced manner.

Chapter 3

Physics and Chemistry of O3 - To avoid any chance of confusion it should be specified
that ozone concentration is measured by volume, usually indicated with ‘(v)’ following
the unit. It would be less confusing if a single way of expressing concentration were
chosen and used throughout the document. Another issue is ‘significant figures.” This
could impact the interpretation of the standard. The attribution at 0.070 ppm suggests a
precision with 3 significant figures. Some discussion of how this is taken into account in
the establishment of guidelines for ozone monitoring and reporting should be inserted to
Chapter 6.
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Agency policy is to use ppm, and we have done so throughout the report. We
added an indication in Chapter 3 that ozone is measured by volume. Discussion
on the issue of the number of decimal places for the recomended standards
(Chapter 11), rounding conventions (Chapter 7), and precision (Chapter 6) have
been added.

Chapter 4

Background Oj in California - For research issues in the next cycle: background vs.
elevation, season and region might be further addressed — although 40 ppb(v) is a
reasonable estimate of the background for the discussion of the standard. The issue of
unusual incursions of O3 are important in the context of defining what constitutes an
exceedance for regulatory purposes. This should be specified in this chapter as well as
in the monitoring chapter.

Discussion on exceptional events and their identification has been added to
Chapters 4 and 7.

Chapter 5

O3 Precursor Emissions — This chapter does not mention natural emissions of
precursors. The information in Chapter 4 could be reintroduced to put the anthropogenic
precursors in perspective. This is especially important since unusual circumstances
(e.g. wildfires) will be considered in the evaluation of whether an area exceeds the
standard. If there are not enough data to include in the pie charts, perhaps a qualitative
summary statement could be included.

A paragraph on natural emissions has been added.

Chapter 6

The precision of ozone measurements is an issue that should be discussed. If a
monitoring method has a standard deviation of x, than any given reading would really
have a true value (t) of t £ 2x.( i.e. there is a limit on what would constitute an
exceedance). It would be useful to spell out what we mean by exceedance in Chapter 8.

During oral discussion at the AQAC meeting AQAC also requested that Staff clarify
what the proposed monitoring method measures, the extent to which other oxidants
were also measured, the sampler calibration methods, and the limitations of the
samplers and agency plans for operating improvement.

Discussion on the precision of ozone measurements has been added to Chapter
6.
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The proposed method measures ultra-violet light absorbtion at a wavelength of
254 nm. Since light at 254 nm is strongly absorbed by ozone, in proportion to the
amount present, ozone concentration is determined. With regard to interference,
UV Photometer manufacturers must demonstrate that their analyzers
successfully reject interference from common oxidants, specifically sulfur
dioxide and nitrogen dioxide, in order to receive equivalent method designation.

Specifically, 40CFR Part 53 - Ambient Air Monitoring Reference and Equivalent
Methods; Subpart B - Procedures for Testing Performance Characteristics of
Automated Methods SO2, CO, O3 and NO2, addresses performance requirements
for interference tests. 40CFR53 part 53.23 (d) (2) states “The test analyzer shall be
tested for all substances likely to cause a detectable response. The test analyzer
shall be challenged, in turn, with each (potentially) interfering agent specified in
table B-3.” Table B-3 requires testing of NO2 and SO2, each at 0.500 ppm-v, for
gas-phase photometric ozone methods.

Ozone instruments are calibrated by comparing the responses of an ambient
ozone analyzer to a certified ozone transfer standard. The response to ozone gas
is compared at 4 levels and regressed using the “least squares” method. The four
levels are approximately 0.400 ppm-v, 0.300 ppm-v, 0.200 ppm-v, and 0.090 ppm-
v. Calibration gas at each of these levels is introduced into the ozone analyzer
until a steady and unchanging analyzer response is achieved. Typically, a steady
reading of 10 minutes is taken as the calibration data point. The regression
results are not used to correct data; they are used to determine the instrument’s
linearity and deviation from the true based on the regression slope. An
instrument is not adjusted to match the transfer standard unless it is beyond 2%
from true (slope of 0.98 to 1.02).

We would not expect any difference in accuracy for the average 8-hour measured
concentration. Accuracy, comprised of systematic bias and random precision, is
neither gained nor lost by arithmetic operations.

The U.S.EPA is planning to revise federal air quality monitoring regulations in
2005. Included in the U.S.EPA National Monitoring Strategy, which provides
rationale for the regulatory revisions, is a proposal to tighten ozone data quality
objectives to 7% precision and 7% bias. If U.S.EPA does adopt these criteria, the
Air Resources Board and local air pollution districts will be obliged to adhere to
them. However, it is not certain whether tighter criteria will actually improve the
observed precision or bias of the network.

Chapter 7
Exposure to O3 — The Commiittee did not request any changes.

Chapter 8

As mentioned for Chapter 6, there is some ambiguity with respect to precision of
measurements as to what constitutes a measurable difference above the standard. If it
is specified that the data will be in ppm with one significant figure rounding would allow
0.0749ppm to be truncated down to 0.07ppm—dropping to meet the standard as a
result. Rounding specification have been used in the past by USEPA. (For example,
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EPA guidelines for data handling sometimes specify such round-off: see EPA-454/R-98-
017, which allows 0.084ppm to be “less than, or equal to, 0.08ppm”.)

On the other hand using ppb(v), with 70ppb(v) as the standard (to be reported to the
nearest 1ppb(v)), any concentration above 70.5ppb(v) is correctly seen as an
exceedance, rather than allowing 74 to comply.

It might make sense to specify something like ...0zone will be measured by volume
fraction, and recorded in ppb(v) to the nearest 1ppb(v).” The standards could be
stipulated as 90ppb(v) and 70ppb(v), respectively.

Staff has clarified the discussion of the reason for three decimal places in the
recommended 8-hour average standard of 0.070 ppm, compared to the two
decimal places recommended for the 1-hour average stndard of 0.09 ppm.

Chapter 9

The Committee did not address the Welfare Benefits, since its priority was human
health effects. It might be worthwhile, however, to mention that the benefits analysis
does not include the value of reducing ozone damage to cash crops, degradation of
property (i.e. premature wearing of painted surfaces).

A sentence has been added to the introduction of the chapter indicating that the
benefits analysis does not include calculation of welfare benefits.

Chapter 10 Health Benefits Analysis (now listed as Appendix B)

The health benefits assessment is not being used to set the health standards, and it is
not being used in a cost-benefit analysis, so an explanation about its purpose would be
helpful. Many comments from the public concerned the differences between the studies
used as the basis of the standard selection versus the studies used in the health
benefits assessment. It is appropriate that the two are different because the purposes of
the two analyses are different, as the staff has pointed out this out in the response to
public comments. The introduction would help clarify and respond to some of these
comments if it included: (1) an explanation about the purpose of the health benefit
assessment in the context of the health standard review process, (2) an explanation of
the reasons why clinical studies are useful for standard setting but are not as useful for
health benefit assessment, and (3) an explanation of why monetary values for health
effects are not included.

The text has been modified to address the issues raised.
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Given the significance of the threshold assumptions for the results of the assessment,
and the limited information from the literature, it is appropriate to calculate benefits
under two alternative assumptions: (1) no threshold for any health effect category and
(2) the same threshold (based on asthma emergency room visits studies if that is the
best source) for all health effect categories, with adjustments to the estimated slope of
the concentration response above the threshold.

We have performed, and present the results of, sensitivity analyses to address
this issue.

It is appropriate to change to a census tract level extrapolation from ambient monitor
concentrations for the health benefits assessment, rather than a county level
aggregation. A more detailed exposure assessment than this is not needed for the
health benefits assessment based on epidemiology studies because these are also
based on ambient concentrations.

Bell et al. (2004) recently published an analysis of the NMMAPS data focused on ozone
and their mean results are slightly higher than the previous NMMAPS results reported:
0.52% per 10 ppb 24-hour average ozone, which translates to about 0.21% per 10 ppb
daily 1-hour high. This is still lower than the WHO central estimate, and the analysis still
includes the use of multiple temperature and season variables. However, it covers 95
US cities, including 12 in California. The authors suggest that publication bias could be
one reason why their results are lower than Anderson et al., Levy et al., and Stieb et al.
report because the latter are based mostly on published studies for individual cities. It
also may be appropriate to include a sensitivity analysis based on the “nearly
significant” results for summer ozone based on recent ACS publication to show what the
implications are of these results relative to the daily mortality estimates. There were also
public comments given regarding forthcoming publications in Epidemiology reporting
new analyses of the potential relationship between ozone and mortality. Given the
significance of this health effect, the staff should consider incorporating this new
evidence if possible.

The Bell et al. paper has been included in the analyses presented in the revised
chapter.

There are inevitably important uncertainties in a quantitative benefits analysis, not so
much about the nature of the health benefits but about their specific quantitative level.
The uncertainties have been described in Section 10.6, but it is a difficult section to
read. We suggest that the discussion of uncertainties in section 10.6 be edited to clarify
the main points and incorporate the results of the revised threshold sensitivity analysis.

The section has been edited to improve clarity and readability.
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Chapter 11
Controlled Exposures:

The committee find that the review of human exposure studies was complete current
and accurate, with a few small exceptions. Some areas could be strengthened. For
example, with respect to effective dose, the paragraph on p 11-212 could be improved
by repeating some of the details given on p 11-4, citing Adams’ (2003) comparison of
FEV1 responses to 6.6 hr exposure to 0.08 ppm vs. 2 hr exposure to 0.30 ppm Os.

This section was edited as suggested.

In several places, reference is made to O3 inhalation effects on respiratory symptoms or
respiratory irritation when symptoms of breathing discomfort wold be more accurate.

The text was reviewed, and revised as appropriate.

The examination of gender differences appears to be based on the corresponding
section of the USEPA Criteria O3 Document. It is the Committee’s understanding that
this section has been revised and there might be some updated material that could be
incorporated into the revised report.

The section was revised, and some new material indluded.

The section on heat and humidity effects on Ogs-induced pulmonary function and
symptoms responses does not mention that Gibbons and Adams (1984) noted that the
ability to complete a given O3 exposure was shortened when subjects were exercised
under higher temperature conditions than when studies were performed under normal
room temperature conditions. This could have some implications for summer exposures
in California when O3 exposures might be highest.

The cited paper was added to the section on heat and humidity effects, and the
text revised appropriately.

The summary statement on Adaptation (p 11-174) [‘First, research suggests that
ventilatory responses and reduced exercise performance do not show response
attenuation with repeated exposures to O3 concentrations that lead to diminution of
pulmonary function responses”] is not accurate. Foxcraft and Adams (1986) performed
a repeated O3 exposure study. They did find reduced symptoms and improved exercise
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performance after 4 consecutive days of 0.35 ppm O3 exposure, while they also
reported diminution of the Day 1 pulmonary function reduction by Day 4 of exposure.

The section has been revised to incorporate the cited paper.

The summary statement on p 11-17 [‘exercise performance can be reduced under
conditions where O3 inhalation has induced pulmonary function decrements and/or
symptoms of respiratory discomfort. Significant reductions in exercise performance
have been reported at O3 concentrations as low as 0.06 ppm.”] should be qualified. The
Linder (1988) observations have not been observed by others using similar protocols at
0.06 ppm and higher (0.12 ppm) concentrations (Gong et al. 1986; Schelegle and
Adams, 1986). Also exercise tolerance and PF changes are not always seen in concert
(Gong et al., 1986; Foxcraft and Adams, 1986; Schlegle et al., 1987).

The section was revised to address the comment.

4. Toxicological Studies

Although there is to be discussion regarding ozone toxicity in infants and children, some
of the literature is missing in this document (Chapters 11 and Appendix A). Also, the
information regarding pre/postnatal exposure to ozone could be highlighted in separate
sections in Chapter 11 and Appendix A. Doing so could make it easier to tease out the
important information regarding age susceptibility/toxicity.

A few additional articles could be considered:

Carl, J., Bruce, H., and Jacob, F. (2004). Differential proinflammatory cytokine
responses of the lung to ozone and lipopolysaccharide exposure during postnatal
development. Exp Lung Res 30, 599-614.

Elsayed, N. M., Mustafa, M. G., and Postlethwait, E. M. (1982) Age-dependent
pulmonary response of rats to ozone exposure. J Toxicol Environ Health 9:835-48.

Finkelstein, J. N., and Johnston, C. J. (2004). Enhanced sensitivity of the postnatal lung
to environmental insults and oxidant stress. Pediatrics 113, 1092-1096.

Mariassy, A. T., Sielczak, M. W., McCray, M. N., Abraham, W. M., and Wanner, A.
(1989) Effects of ozone on lamb tracheal mucosa. Quantitative glycoconjugate
histochemistry. Am J Pathol 135:871-9.

Myers, B. A., Dubick, M. A., Gerriets, J. E., Reiser, K. M., Last, J. A., and Rucker, R. B.
(1986). Lung collagen and elastin after ozone exposure in vitamin B-6-deficient rats.
Toxicol Lett 30, 55-61.

Phalen, R. F., Crocker, T. T., McClure, T. R., and Tyler, N. K. (1986). Effect of ozone on
mean linear intercept in the lung of young beagles. J Toxicol Environ Health 17, 285-
296.
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Raub, J. A., Mercer, R. R., and Kavlock, R. J. (1983) Effects of Prenatal Nitrogen
Exposure on Postnatal Lung Function in the Rat. Toxicology and Applied Pharmacology
94:119-134.

Rivas-Manzano, P., and Paz, C. (1999). Cerebellar morphological alterations in rats
induced by prenatal ozone exposure. Neurosci Lett 276, 37-40.

Romero-Velazquez, R. M., Alfaro-Rodriguez, A., Gonzalez-Pina, R., and Gonzalez-
Maciel, A. (2002). Effect of ozone prenatal exposure on postnatal development of
cerebellum. Proc West Pharmacol Soc 45, 65-67.

Sarangapani, R., Gentry, P. R., Covington, T. R., Teeguarden, J. G., and Clewell, H. J.,
3rd (2003). Evaluation of the potential impact of age- and gender-specific lung
morphology and ventilation rate on the dosimetry of vapors. Inhal Toxicol 15, 987-1016.

Sorace, A, de Acetis, L., Alleva, E., and Santucci, D. (2001). Prolonged exposure to low
doses of ozone: short- and long-term changes in behavioral performance in mice.
Environ Res 85, 122-134.

Stephens, R. J., Sloan, M. F., Groth, D. G., Negi, D. S., and Lunan, K. D. (1978)
Cytologic responses of postnatal rat lungs to O3 or NO2 exposure. Am J Pathol 93:183-
200.

Tyson, C. A,, Lunan, K. D., and Stephens, R. J. (1982) Age-related differences in GSH-
shuttle enzymes in NO2- or O3-exposed rat lungs. Arch Environ Health 37:167-76.

A new section on toxicological effects in pre- and post-natal animals has been
added, which includes consideration of the papers suggested by the Committee.

5. Have potential differential exposure and dose patterns among infants and
children been examined sufficiently in the document?

Sections 8.4 (Consideration of Infants and Children) and 8.7.4 (Consideration of Infants
and Children in Recommending the Ozone Standards) present general statements
to the effect that children receive a larger exposure of ozone. There is some
literature on this topic that could be cited. A table similar to that in Kleinman (1991)
could be used.

Kleinman, M.T. Effects of ozone on pulmonary function: The relationship of response to
effective dose. J. Exposure Analysis and Environmental Epidemiology, 1:309-
325, 1991.

This paper has been added to the discussion of dosimetry in Chapter 9.
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Chapter 12. Epidemiologic Studies.
General comments:

Overall, a very thoughtful and comprehensive review of the epidemiologic literature that
fairly points to methodological weaknesses that in general, have likely underestimated
the impact of ozone on human health. My critique adds some additional interpretation of
these weaknesses. The choice of an ozone standard based on susceptible populations
is well supported by the evidence presented. | have added some additional data to
support the protection of populations at risk.

Although studies conducted in other parts of the country and internationally are clearly
relevant, studies in California are particularly relevant to this review. It is important for
this review to further interpret results of studies in California with respect to the
misclassification of O3 exposure based on region. The details of this were covered in
the exposure section but results of epidemiologic studies need to be interpreted with
this in mind. The use of air conditioning, air exchange rates and time indoors will all
dramatically influence personal O3 exposure. This was described in 12.2 under time
series studies in the last paragraph on page 12-22, but it also applies to the other study
designs. Studies conducted in inland areas of California where outdoor Ogs is highest
may have subjects who are less exposed to O3z than areas closer to the coast. The
California studies most influenced by this phenomenon are the studies by Delfino et al.
cited in section 12.1 and above, the 7" Day Adventist Cohort, and the Children's Health
Study (CHS) (Gilliland et al., 2001, and 12.3.5 CHS references). The CHS included
schoolchildren living in hotter inland areas of southern California. This phenomenon
may have partly explained the isolated results in the CHS for the increased risk of
asthma onset only among children playing three or more sports in the six out of 12
communities with higher O3 (McConnell et al., 2002). More outdoor exposure and
increased O3 dose may have been a function of the physical activities. The text
reviewing McConnell et al, 2002 on p 12-54 only refers to "effect modification by
physical activity."

The text has been revised to incorporate these recommendations.

The impact of weather on behavior, air conditioning use, and therefore indoor exposure
to O3, may have also led to null results for lung function growth and Os in the
prospective analysis of 4™ graders in the CHS (12.3.5, p. 12-52, Gauderman et al,
2000). This contrasts significant results for particles, which have considerably greater
penetration and persistence in indoor environments. Note that the Gauderman et al.
(2000) study was notably updated recently with an 8-year follow-up of fourth graders
(Gauderman et al, 2004) in contrast to the 4-year follow-up in the 2000 publication. The
new study also found acid vapor and elemental carbon were associated with lung
function declines along with PM 5 and NO..

Gauderman WJ, Avol E, Gillland F, Vora H, Thomas D, Berhane K, McConnell R,
Kuenzli N, Lurmann F, Rappaport E, Margolis H, Bates D, Peters J. The effect



of air pollution on lung development from 10 to 18 years of age. N Engl J Med.
2004;351(11):1057-67.

The text has been revised to incorporate these recommendations.

Also of great importance in interpreting epidemiologic results is the issue of excessive
control for presumed confounding by outdoor temperature on effects of outdoor
(ambient) Ogs, particularly where there is lack of evidence for a direct heath effect of
local temperature ranges. Often results are not presented for Oz models without
temperature. This issue was described in section 12.2 under time series studies in the
second paragraph on page 12-22 and later in reference to the studies reviewed, but it
also needs to be referenced to the other study designs. An example of why ambient
temperature can have little direct relevance to health is shown in a personal PM
exposure assessment study of 19 asthmatic children living in inland San Diego County.
The magnitude of correlation between personal temperature and ambient O3 was far
less than for central site temperature over a 14-day monitoring period (r = 0.50 for 8-hr
O3 and 1-hr maximum outdoor temperature, vs. r = 0.10 for 8-hr O3 and 1-hr maximum
personal temperature) (Delfino et al.,, 2003). There was no association between
personal temperature and lung function in that study, but there were strong inverse
associations between personal PM and lung function. Ambient O3 was not associated
with lung function but the study was designed to assess personal PM effects and had
limited power to assess effects of central site exposures.

Delfino RJ, Quintana PJE, Floro J, Gastafiaga VM, Samimi BS, Kleinman MT, Liu L-JS,
Bufalino C, Wu C-F, McLaren CE. Association of FEV4 in asthmatic children with
personal and microenvironmental exposure to airborne particulate matter.
Environ Health Perspect 2004; 112:932-41.

The text has been revised to incorporate these recommendations.

Specific comments:

12.1. Some relevant acute field studies were not discussed in this section, including
studies conducted in California. These include:

Delfino RJ, Zeiger RS, Seltzer JM, Street DH. Symptoms in pediatric asthmatics and air
pollution: Differences in effects by symptom severity, anti-inflammatory
medication use, and particulate averaging time. Environ Health Perspect, 1998;
106: 751-61.

This study of schoolchildren with asthma in inland San Diego County showed significant
associations between asthma symptoms (bothersome or interfered with daily activities)
and Os, with similar associations for minimum to 90" percentile 1-hr (58 ppb) and 8-hr
O3 maximums (46 ppb). Associations for O3 and PMy were largely independent in
models incorporating both pollutants, and O3 associations were not confounded by
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outdoor fungal spores. The study also showed significantly stronger associations
between asthma symptoms and O; in a subset of asthmatics not taking anti-
inflammatory medications. Threshold analyses suggested effects below 80 ppb 1-hr O3
maximum in this subset, but not among other subjects. 80 ppb 8-hr maximum O3 was
exceeded 25 times during the three-month study.

Mortimer KM, Tager 1B, Dockery DW, Neas LM, Redline S. The Effect of Ozone on
Inner-City Children with Asthma. Identification of Susceptible Subgroups. Am J
Respir Crit Care Med 162:1838-1845 (2000).

Mortimer, et al. (2000) reported results of a series of 2-week asthma panels in 846 inner
city children with asthma living in low income neighborhoods. They found that O; was
inversely associated with PEF and positively associated with symptoms with the
strongest associations among children born of low birth weight or premature.

Delfino RJ, Gong H Jr, Linn WS, Hu Y, Pellizzari ED. Asthma symptoms in Hispanic
children and daily ambient exposures to toxic and criteria air pollutants. Environ
Health Perspect 2003; 111:647-656.

This study of Hispanic schoolchildren with asthma in LA showed significant associations
between asthma symptoms (bothersome or interfered with daily activities) and ambient
VOCs, PM elemental and organic carbon, but not Os;. However, O3, along with
formaldehyde and acetone were similarly associated with more severe symptoms
interfering with daily activiies among a subset of children, particularly those on
maintenance medication. Odds ratios (OR) for interquartile increases in 1-hr O3 (14 ppb)
were identical to 8-hr O3 (11 ppb) (both ORs around 2.0), even though 1-hr O3 never
exceeded 52 ppb. See Table 4 in that paper for details.

Discussion of these four papers has been added to the chapter.

12.1.3. Page 12-5:

The study by Gent and colleagues (2003) is large panel study with key findings. The
review should put the findings of effect modification from maintenance medication into
proper perspective. First, the biological mechanism of Os is in large part related to
airway inflammation as discussed in the Toxicology section. Therefore, medication that
controls airway inflammation such as inhaled corticosteroids would be expected to
dampen the effects of O;. However, finding the opposite in a panel study such as Gent
et al. (2003) is not unexpected if use of such medication is largely restricted to more
severe asthmatics, who are expected top be more susceptible to O;. The results
contrast findings of Delfino et al. (1998) showing significantly stronger association
between asthma symptom severity and Oz in asthmatic children not taking anti-
inflammatory medications, largely inhaled corticosteroids (ICS). Mortimer, et al. (2000,
discussed above) compared effects on asthma outcomes by outdoor O3 levels across
medication groups based on baseline data for prescribed medication. Associations
between incidence of symptoms and an increase of 15 ppb in O3 was largest among
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those prescribed cromolyn but not ICS (OR 1.46, 95% CI 1.06, 2.01) followed by
nonsignificant ORs for those prescribed [3-agonists or xanthines only (1.18), ICS (1.08),
and no medication (1.04). The percentage change in PEF was also greatest among
those prescribed cromolyn but not ICS (-1.27, 95% CI -2.47, -0.06) followed by
nonsignificant PEF changes of around -0.5 for the other groups.

Discussion of these papers has been added to the chapter.

Section 12.2.

The review made the important point of describing residual confounding of ozone
effects by the co-adjustment approach in time series models, and the lack of stratified
analyses by season. This issue has not received adequate attention in the literature and
may explain many null findings. These potential analytic weaknesses and control for
temperature (see above) is particularly troubling for the null results in Los Angeles (Linn
et al, 2000; Mann et al., 2002 and Nauenberg and Basu, 1999) suggesting that new
studies and reanalysis of these studies are needed.

The committee concur with Dr. Bates that the Atlanta study by Friedman et al. (2001) is
particularly important in suggesting that lowering ozone will have major benefits in
reducing hospital admissions and ED visits. It is also important to point out that the
effects detected in Atlanta were related to a reduction in traffic, which includes a wide
range of toxic air pollutants including particle-bound in addition to ozone. Strong
correlation between ozone and PM in Atlanta has made it impossible to separate effects
of the two on asthma ED visits as reported by Tolbert (2000) reviewed in section 12-35.

Discussion of the Friedman et al. paper has been added to the chapter.

typo in title of Table 12-2 Hospital was misspelled.

This has been corrected.

The statement on p 12-36, third paragraph, lines 11-12 is unclear. What is meant by
"self-selected" and "not quantitatively useful." All of these studies are subject to
exposure misclassification, and air pollutant components (most unmeasured) could
differ by season, year and geographic location. These factors will lead to
inconsistencies. For instance, for the Delfino 1997a study, concentrations of PMyo,
PM2s, SO4, and H® were significantly higher during 1992 than 1993 due to sulfate
transport episodes, and O3 lower. Therefore, finding significant results in 1993 alone are
not unexpected.

These points have been clarified.
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12.4.2: Similar to section 12.2.1, the presentation of important issues to understand in
time series analysis is excellent and provides thoughtful direction to further research.
The criticisms of smoothing functions that include midrange temperatures of
questionable clinical relevance are particularly informative and suggest that studies
using this method may have underestimated the effects of air pollutants including
ozone.

Thank you for the comment.
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Ozone Standard Review Staff Report
Summary of Comments (by Commenter)

Note: Comments are in regular type, and responses are italicized.

David Bates

Several suggestions/differences in emphasis related to specific health studies, but no
disagreement with conclusions/findings.

1. Page 11-12: The point might be made that there is concordance between the
dosimetric calculations of the target area for the highest concentration of ozone (the
terminal bronchiole), and the observed morphological effects, which is the
centriacinar region. The dosimetric calculations also indicate the higher delivered
dose of ozone as the tidal volume increases, and this is consistent with the
increased effects on exercise.

This point is addressed in the report in the section on the effective dose concept.

2. Page 11-15: The complex problem of the variation of effect with different time
courses of ozone delivery is well described. The genetic basis for differences in
sensitivity to ozone demonstrated in breeding experiments deserves more analysis.

We are unclear what breeding experiments the commenter is referring to. Although it is
generally agreed that there is a genetic contribution to between-subject differences in
sensitivity to ozone, research on this topic is just beginning. Investigations into possible
contributions from several genes are underway, but data are not yet available.

3. Page 11-45: If the length of time between exposures is important, how can this be
related to the time course of exposure that would usually occur to an exposed child?
This is mentioned on Page 11-46: “The episodic nature of ambient exposure
conditions in humans suggests that reliable assessments of risk must include a clear
understanding of the impact of cyclic exposure “. There is no follow-up as to how this
might be done.

The statement on p 11-46 was not meant to imply that we could quantitatively evaluate
the effects of cyclic exposure in adults or in children, but to point out the responses
observed in animals from cyclic exposure. Animal studies give some indications as to
exposure intervals of concern, but unfortunately the data are not readily extrapolated to
humans at this point.

4. Page11-48: First paragraph: the FEV1 has the smallest coefficient of variation, but
the FEF25-75 is much more sensitive than the FEV1 to changes in terminal
bronchioles. More emphasis on the work of Weinman on the small airway effects of
ozone is needed. This is important to offset the early FVC change which is due to
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stimulation by ozone of the C-fiber system — the changes in small airways are slower
to resolve and very likely more important in terms of long term effects.

The issue of small airway effects has been alluded to with reference to several papers
reviewed in the Staff Report, although it has not been discussed as a separate topic.
We will add a section discussing small airway effects in the revised report. It should be
noted that there is little literature on the effects of ozone on the small airways, and more
research on this topic would be useful.

5. Page 11-51: Is it fair to assume that human variability in response to ozone is
genetic in origin? What is the role of anti-oxidants such as superoxide dismutase?
What about the protective effect of Vitamin C?

It is likely that the largest part of the variability is genetically based. Differences between
individuals in superoxide dismutase or other anti-oxidant enzymes are largely
genetically determined. Anti-oxidant vitamins have been shown to influence
responsiveness to ozone, but do not necessarily fully mitigate responses to ozone
exposure. Antioxidant vitamin supplements are likely a modifying factor, rather than a
determinant factor in responsiveness.

6. Page 11-52: The reader should be told that although a single subject may have a
meaningful threshold value for the effects of ozone, no such threshold is derivable
for a group if a statistically significant shift in the mean is taken as the criterion of
some effect.

This is true. A group mean value does not represent a population threshold. In fact, due
to the variability between individuals, determining a population threshold implies finding
the threshold level for the most responsive people, which is likely to be a very low
concentration. We will clarify this point in the revised report.

7. Page11-87: Insufficient attention is given to the work of Frank, R. et al (Repetitive
ozone exposure of young adults: evidence of persistent small airway dysfunction:
Am J Respir Crit Care Med 164: 1253-1260; 2001). The reference is quoted on page
11-226. In evaluating acute exposure data, it is important to separate the early FVC
effect due to stimulation of the C-fiber system, and the later and more persistent
small airway effects as shown by these authors. Their work also suggests that the
reduced effect of ozone on subsequent days after an initial effect is to be explained
by the protective mucus layer induced by the inflammatory response to the exposure
on the first day, which has the effect of diminishing the response on subsequent
days. These observations are relevant to standard setting.

We will discuss this paper more fully in the section to be added on small airway
function. However, it should be pointed out that the primary measure of small airway
function used in this paper is a unique measurement that was developed by the
investigators. It has not been validated or used in any other study. In addition, although
the investigators speculate that increased mucus production may explain their findings,
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there were no measurements made in the experiment that could support or refute the
suggested mechanism.

8. Page11-92: The complex data on asthmatics is well described here.
Thank you for the comment.

9. Page 11-110: The emphasis on the joint ozone/allergen exposures is important,
even though, as noted on the top of page 11-111, “they do not directly contribute to
the evaluation of the level of the standard”. It should be noted here that sequential
exposures to ozone and allergens must be very common in real life situations.

We covered this information because it addresses a common exposure pattern, and
one that explores a possible explanation for observations that asthmatics have higher
risk of being admitted to the emergency room or hospital on high ozone days.

10.Page 11-112: Summary: the Southern California Children’s study found that lung
development, as judged by lung function tests, was being adversely affected by
exposures to vehicle exhausts, but higher exposures to ozone were without effect.

These studies are discussed on pg 12-52, in the review of epidemiology studies.
Although ozone effects on lung function were weak, associations between ozone
exposure and other effects were found.

11.Page 11-114; second paragraph: the point might be made that exacerbations of
asthma are now thought to be primarily inflammatory in nature and hence
aggravation by ozone, which causes inflammation at very low doses, is to be
expected.

We agree that it is quite likely that for many asthmatics, inflammation related to ozone
exposure may represent an additive effect and be of particular concern. We will alter our
text to reflect this point.

12.Page 11-127: Penultimate paragraph: might be better expressed as follows:
“Chronic obstructive pulmonary disease, as well as chronic asthma, lead to
nonuniform distribution of inhaled air in the lungs. This will have the effect of
increasing the delivered dose of an inhaled pollutant to the regions of the lung which
are relatively over-ventilated”.

Thank you for the suggestion. We will consider the wording of the paragraph.
13.Page 11-149: The interaction between heat stress and the effects of ozone is
important, and as noted below, there have been recent attempts to separate the

higher mortality in heat waves into the deaths attributable to heat and the deaths
attributable to the concomitant elevated ozone levels. Increased temperature leads
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to increased ventilation, which in turn will increase the delivered dose of ozone to the
lungs.

This point is well taken, and in fact heat may contribute to increased delivered dose.
However, activity levels, especially outdoors, tend to be lower on very hot days. Also,
the chamber studies that have investigated this topic did not find that concurrent heat
exposure altered responses compared to those observed with completion of the same
protocol at room temperature.

14.Page11-172: Second paragraph: note the work of Frank et al which suggests that
the mucus secretion initiated by the first ozone exposure plays a part in lessening
the effect (on FVC) of subsequent exposures. It should be noted that it is not clear
whether successive exposures result in a reduced effect at the level of the small
airways, although the work of Christian et al noted on Page 11-173 suggests that the
effects on distal airways may also be attenuated. As noted on Page 11-174, whether
this applies to lung tissue is unclear. These distinctions should be made clear in the
Summary on page 11-174. My opinion is that the reduced FVC response on
successive exposures cannot be assumed to indicate a reduction of effect in other
parameters within the lung.

See comments above regarding the Frank et al. paper page 11-87. Christian et al. do
not report small airway function data, although the bronchoalveolar lavage fluid analysis
suggests that with four consecutive days of exposure to ozone some, but not all,
inflammatory measures had shifted toward the normal range. However, the measured
values suggest that after four days of exposure inflammation was still evident in the
lower airways. We agree with the commenter’s opinion that FVC is not necessarily
representative of all responses. We will edit the text for clarity.

15.Page11-177: In the Summary, a reference should be given to the reduction in
exercise performance noted at ozone levels of 0.06 ppm.

Thank you for the suggestion. We will add this to the document.
16.Page 11-198: Tokyo-Yokohama asthma was almost certainly due to high particulate
and SO; levels and had nothing to do with ozone. It is not really relevant to this

review.

Your point is well taken. We had it in the document because it was an early recognition
that air pollution might affect asthma. We will clarify this in the document.

17.Page 11-200: Peden’s observation about an increased eosinophilic response should
be put earlier when the interaction of ozone and allergens was being reviewed.

Thank you for this suggestion. We will consider this.
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18.Page 11-207: First paragraph: more emphasis should be given to this work in the
interaction between combined O3 and allergen exposures.

Although interesting, this material is not part of the basis for the standards
recommendations; it serves as important supporting material. In addition, it is difficult to
extrapolate between monkeys and humans so that the material could be used
quantitatively.

19.Page 11-211: Pollutant mixtures: More discussion is needed on the factors affecting
simultaneous exposure to ozone on the one hand, and to vehicle exhaust on the
other. Perhaps a few paragraphs specifically on patterns of exposure would be
helpful. This is because PM2.5 in the urban environment is associated with a variety
of adverse health effects.

Little is known about combined exposure to particulate matter and ozone in human or
animal subjects. The small amount of available literature suggests that ozone is more
significant than particulate matter in inducing acute respiratory effects.

CHAPTER 12:

20.An important point should be mentioned at the outset, which is that it is now known
that a peak in asthma attendances and admissions occurs in the third week of
September. This was first documented in Vancouver (see Environ Research 51: 51-
70; 1990 quoted in another context in the reference list here) but has since been
shown by the group at McMaster (see ATS Abstracts) to occur across Canada. It is
independent of air pollution, but may interfere with ongoing panel studies by
obscuring an association with air pollution during other periods of the year. See Gent
et al 2003 quoted here for a September asthma peak not detected by the authors,
which might have affected their ongoing panel study. See annotation of the Gent
study also in the second paragraph on Page 12-5.

This is not addressed in the epidemiological literature we reviewed. We will investigate
this point, and revise the section appropriately. The fall peak in asthma would on
average add noise to epidemiological studies but could also bias results of an individual
study if by chance it correlated with either an episode (unlikely given the season) or a
trough in ozone concentrations. We will note this in the document. For the studies that
are of longer-term duration such as those examining hospital admissions, this should
not have a major impact on the findings.

21.Page 12-3: In relation to data on PM2.5 and ozone in Mexico City, see comment on
pg. 11-211.

See response to comment on pg. 11-211 above.
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22.Page 12-4: A comment should be added to the note on Brauer’s study that the
ozone exposures were measured by personal badges as well as by an ozone
monitor very close to the workers.

We will add this to the document.

23.Page 12-7: The recent study by Hall et al of the economic costs of school absences,
based on the Gilliland study, might be noted here.

We can note the study. However, the Hall study examines the quantitative implication of
the Gilliland study for the L.A. basin. We have conducted our own quantification using
this study and others, using more recent and complete data.

24.Page12-23: | was surprised that no mention was made of the Atlanta study:
FRIEDMAN, M.S., POWELL, K.E., HUTWAGNER, L., GRAHAM, L.M., & TEAGUE,
W.G. Impact of changes in transportation and Commuting behaviors during the 1996
Summer Olympic Games in Atlanta on Air Quality and Childhood Asthma. JAMA
2001: 285; 897-905.

For many people, the documentation of a reduced adverse health effect synchronous
with a reduced ambient ozone level constitutes very convincing evidence that the data
being derived from epidemiological associations is real. My own opinion is that this
study deserves special emphasis, not least when the effect of a possible “standard” is
being discussed.

Thank you for pointing this out. Omission of this study was an oversight. We intend to
add it to the next draft of the report.

25.Page12-25:This comment on the Petroeschevsky study in Brisbane fails to make two
important points, first that it involved over 13,000 hospital admissions for asthma, and
second that aerosol sulfates were not present so the effect was due to ambient ozone
alone.

Thank you for this suggestion. We will add these two good points to the text.

26.Page 12-39: Last paragraph: “On this issue, the evidence is fairly supportive of
independent effects for ozone”. This is too weak a statement in my opinion. It should
read: “On this issue, the evidence is conclusive that ozone is responsible for exerting
direct effects” — see data from Mexico City and from Brisbane and Atlanta already
discussed.

We will remove the word “fairly” and just say supportive.
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Joint submission endorsed by: American Chemistry Council, California Business
Properties Association, California Cement Manufacturers Environmental
Coalition, California Chamber of Commerce, California Citrus Mutual, California
Cotton Ginners Association, California Cotton Growers Association, California
Farm Bureau Federation, California Independent Oil Marketers Association,
California Independent Petroleum Association, California League of Food
Processors, California Manufacturers and Technology Association, California
Natural Gas Producers Association, Construction Materials Association of
California, Council of Shopping Centers, Industrial Environmental Association,
National Association of Industrial and Office Properties-California Chapters, Nisei
Farmers League, Retail Industry Leaders Association.

1. There is not sufficient scientific support for the proposed 8-hr standard.

The commenter may misunderstand the CA definition of ambient air quality standards.
In California, ambient air quality standards represent the highest concentrations for
selected averaging times that are unlikely to induce adverse effects (H&S Code 39014).
The standards represent the greatest outdoor exposure that is acceptable. The number
of people who experience these exposures is immaterial.

The averaging times have been selected to represent common exposure patterns. The
1-hr average standard relates to peak exposure concentrations, and also represents a
frequent duration of outdoor activity for many people, for example, children playing after
school, adults exercising, people doing yard work or home maintenance for a relatively
short time period. In this case, the standard means that for a 1-hr exposure, the
maximum average ozone concentration estimated to be without adverse consequences
is 0.09 ppm. Likewise, the 8-hr average standard relates to both the ozone
concentration profile frequently observed in down wind areas and the activity pattern of
outdoor workers, and adults and children who spend multi-hour periods in outdoor
activity, including work, play and recreation. In this case, the standard means that for an
8-hr exposure, the highest average concentration estimated to be without adverse
effects is 0.070 ppm.

The concept of margin of safety includes the idea that a standard must be set at a level
below the lowest concentration at which adverse effects have been documented to
provide protection for potentially sensitive subjects who were not included in the study
groups. Since State law requires that ambient air quality standards protect the most
sensitive people in the population, we have looked not only at group mean responses,
the basis of U.S. EPA developed ambient air quality standards, but have also evaluated
individual responses. The scientific literature clearly shows that there is a very wide
range of responses among individuals. This is not adequately factored into U.S. EPA
ambient air quality standards. In the case of our 1-hr recommendation, multi-hour
exposure studies did not find statistically significant responses with exposure to 0.10
ppm during the first one to two hours of a 6.6 to 8 hr exposure, while there are group
mean and individual changes of concern with 2-hr exposure to 0.12 ppm ozone. This
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suggests a threshold in exercising people somewhere below 0.12 ppm and above 0.10
ppm for one to two hour exposures. We have included a margin of safety, and
recommended a 1-hr standard of 0.09 ppm.

The body of findings from studies of 6.6 hr exposures to 0.08 ppm ozone indicates that
about 26% of people who undergo similar exposures will experience symptoms and
pulmonary function decrements of 10% or larger, with some experiencing decrements in
excess of 30%. Since responses are related to the inhaled dose, larger decrements,
and a larger fraction of people experiencing effects would be expected if the exposure
period had been extended from 6.6 to 8 hours. This led to the conclusion that an 8-hr
average concentration of 0.08 ppm was not adequately protective of public health. The
few data available suggested that multi-hour exposure to 0.04 or 0.06 ppm ozone was
unlikely to result in adverse responses.

In the case of the 8-hr average recommendation, there is less guidance for determining
an adequate margin of safety, since only one chamber study at 0.04 ppm, and one at
0.06 ppm have examined responses to ozone concentrations below 0.08 ppm. Both
studies found no significant pulmonary function or symptoms effects at the group level,
although there were a few individual responders at 0.06 ppm. The margin of safety is
supported by several epidemiologic studies, which report associations between ozone
and a wide range of severe health outcomes. While we agree that this margin of safety
is a more uncertain estimate than available for the 1-hr average standard, it
incorporates consideration of all available data.

The primary health endpoints from the chamber studies used to develop these
recommendations are acute responses (decrements in pulmonary function, respiratory
symptoms, airway hyperreactivity and airways inflammation). Reduced lung function is
not a benign effect because it is due to a neural reflex, as asserted by some
commentators. Activation of the neural reflex represents an attempt by the body to limit
inhalation of a toxic substance, in this case ozone, to protect the airway lining tissues
from oxidant damage, and resulting airway inflammation. Furthermore, reduced lung
function and symptoms can reduce ability to work, as well as to participate in healthful
exercise and recreation. These seemingly minor effects, temporarily reduced lung
function and symptoms, can impact on ability to earn a living, and to maintain a healthy
lifestyle, and clearly qualify as adverse by ATS standards, both physiologically and as
aspects of quality of life. Asthmatics already have underlying chronic airway
inflammation and reduced lung function. The additional ozone insult to the airway can
result in exacerbation of asthma. Children are disproportionately impacted by asthma as
they have higher prevalence rates, and the highest hospitalization rates are for 0-4 year
olds. This is likely due at least partially to physics — the airway resistance is inversely
proportional to the 4" power of the radius. Thus in a small child a little airway
constriction can result in serious breathing difficulty. This will be clarified in the revised
report

In addition, repeated episodes of airway inflammation lead to morphological changes in
the lungs, and may contribute to long-term respiratory health impacts. Animal studies
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clearly support this line of reasoning. There is also convincing evidence that children
who grow up in high ozone communities have lower lung function values at maturity
than children who grow up in low ozone communities (Kunzli et al., 1997; Galizia and
Kinney, 1999). This is a significant finding, in that low lung function is a known risk
factor for chronic lung disease and premature death. The epidemiologic studies include
such endpoints as premature mortality, hospitalization for respiratory and cardiovascular
disease, emergency room visits for asthma, and respiratory symptoms.

Although no directly stated, this comment may include concern that ARB/OEHHA and
U.S. EPA have recommended different ozone standards. There are several differences
in the California standard review process that may clarify for the commenter why
California and the U.S. EPA review the same literature and arrive at different
recommended standards. California law requires that the standards protect the most
sensitive subgroup of the population. This requires that we consider the range of
individual responses to different exposure protocols to understand the range of
variability in the population as a whole, and then to base our recommendations on the
sensitive sub-group. In contrast, U.S. EPA primarily looks at group mean responses,
with little consideration of the variability among individuals.

Second, California standards are based solely on health considerations, not on risk
analysis. As noted above, our model, set by State law, is for selection of a concentration
and averaging time combination that is unlikely to induce adverse effects in anyone who
happens to undergo that exposure pattern. The exposure patterns used are based on a
combination of patterns identified by ambient air quality monitoring, and on likely
outdoor activity patterns. California standard setting does not consider the likelihood of
exposure. As noted above, in California, ambient air quality standards represent the
highest concentrations for selected averaging times that are unlikely to induce adverse
effects. Furthermore, the proposed standards are based on responses of subject groups
most likely to have significant exposure — people who are active outdoors.

Third, when EPA last considered the ozone standard in 1996/1997, there were far fewer
epidemiologic studies showing severe outcomes associated with ozone exposure.

2. The proposed 8-hr average is not the appropriate form for such a standard.

The California Code of Regulations (Title 17 section 70200) establishes the form of the
ambient air quality standard for ozone as “not to be exceeded”. The Expected Peak Day
Concentration methodology used for area attainment designations is defined in Title 17
of the California Code of Regulations section 70306 Appendix 2. This section is
unrelated to the section of the Health & Safety Code that has been opened in the
present requlatory action. The EPDC method for attainment designation can be
changed, but a completely separate regulatory action would be required from that for
standard review. We have not opened the attainment designation procedure for review,
and have no plans to do so.

3. The proposed standard would be lower than relevant background concentrations
and as such is not attainable.
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Our analysis determined that 0.04 ppm is a reasonable average background ozone
concentration. This value is in agreement with the conclusions of the 1996 U.S. EPA
ozone criteria document, and also with the World Health Organization’s 2000 document
outlining Air Quality Criteria for Europe. See page 50 for an in-depth discussion of the
comments received on background ozone (Chapter 4).

American Petroleum Institute & Western States Petroleum
Association & Paul Switzer, Stanford University

1. The epidemiological studies of ozone and mortality use inadequate models. The
report does not adequately address the statistical concerns with these models.

See #3 below.

2. ltis not appropriate to use PM epidemiological studies to assess acute ozone
mortality effects.

We agree that there are methodological issues with the ozone epidemiology literature,
and these are discussed and acknowledged in the Staff Report. However, the
recommended standards are not based primarily on epidemiology. They are based on
controlled human exposure studies. Epidemiologic studies do figure into the margin of
safety considerations since they strongly suggest the possibility of severe health
outcomes. Thus, even if there are uncertainties about the actual effect level,
measurement error, and treatment of weather and time trend, these studies are too
numerous and the effects too severe to be ignored.

3. Epidemiological studies about the effects of ozone exposure on mortality and other
serious health endpoints need further analysis.

API provided a commentary that points out several issues relative to time-series
studies, and seeks to discredit the findings, primarily of ozone mortality studies. While
the issues the commenter raises are not new, it is interesting that they focus on
epidemiology and mortality, in that neither epidemiology nor mortality formed the
primary basis for the standard recommendations. In the past 8 to 10 years, the focus of
air pollution epidemiology has been PM. The issues the commenter raised have been
investigated at length with reference to PM. Unfortunately, few studies have been
designed with ozone-related hypotheses, and consequently few of the issues raised
have been adequately investigated with reference to ozone. This is acknowledged in the
Staff Report, which includes considerable discussion of statistical modeling issues
associated with the epidemiologic literature on ozone. The Staff Report also addresses
other modeling issues not mentioned by the commenter as they relate to the different
types of epidemiology studies discussed in the Staff Report.



The commenter uses the NMMAPS study to support the view that ozone effects are
highly variable between cities, and consequently uncertain. However, greater variability
may be expected among cities simply because the effect estimate is so low and small
variation in co-factors may exert more influence. This is why meta-analytic results from
a large set of cities are used in preference to results from single cities. Variability is not
a good enough reason to discount all of the studies. While NMMAPS (which is primarily
a PM study that reports a few results for ozone) is an important study, the observation
that it found a number of negative associations for ozone suggests that some of the
modeling methods used may not fully control for seasonality and time trend.

It is likely that statistical modeling designed to remove weather confounding in PM
studies is not the same as what would be used to control for weather confounding
relative to ozone, and that the modeling requirements for removing this confounding
vary by weather pattern between geographical areas. Most ozone results, particularly
for mortality, come from studies that have been modeled for PM effects, and were part
of the analysis of possible confounding factors, not primary analyses. Evaluation of the
controlled exposure literature clearly shows that there is no biological plausibility for the
reported negative effect, implicating inadequate statistical modeling and perhaps
measurement error of exposure.

The commenter also asserts that heat and humidity effects may totally confound the
effects of ozone. However, it is unlikely that weather would totally explain away these
effects. The existing time series studies suggest that the temperature effect is very
immediate; mortality usually occurs on the day of or day after high temperature.
Humidity doesn’t appear to play an independent role (Schwartz et al., 2004). Most
existing studies carefully control for these effects and still report an independent effect
of ozone. Also, summer-specific studies also report effects of ozone. Regardless,
temperature, of course, peaks in the summer while mortality peaks in the winter so the
correlation between the two is usually very low or negative; therefore, failure to control
for temperature is unlikely to generate a positive association between ozone and
mortality. In fact, as reported in our recommendation document, a study by Thurston
and Ito showed that when weather was modeled most carefully using non-linear
functions, the effect estimate for ozone increased. Thus, it does not appear that
temperature is responsible for reported associations between ozone and mortality. In
addition, ozone is often elevated in a given city for several days, and not all ozone
excursions are accompanied by temperatures that are high enough to cause mortality.
Regarding interactive effects, human studies on this subject indicate that concurrent
heat exposure does not impact responses to ozone. NMMAPS used basically the same
weather and time trend modeling methodology in all cities, regardless of the local
weather patterns, which may not adequately address differences in pattern among
cities. It is likely that If the weather and time parameters had been modeled correctly
and differently in each city, there may have been fewer negative, biologically
implausible results for some cities. There are many possible explanations for the
heterogeneity in the effect estimates and the fact that Samet et al. could not identify any
effect modifiers is not evidence that they don’t exist. Only six general socioeconomic
status (SES) variables were tested. Factors such as monitor placement, spatial
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variability, SES, background health status, use of air conditioners, and housing
characteristics all could contribute to heterogeneity in response. Finally, while it is
possible that no benefits would result from ozone reductions, the existing meta-analysis
of studies suggest that, on average, health benefits would occur. A few null findings
cannot lead us to ignore all of the positive findings and the meta-analysis results.

The commenter raises the issue of heterogeneity of ozone exposure within a study
area. Since ambient ozone is a regional pollution, most studies that have examined this
issue report fairly similar concentrations and a high intra-city correlation among monitors
on a daily basis. Regardless, random exposure measurement error would tend to
reduce the likelihood of finding an effect, and would be unlikely to result in a positive
and significant association.

The commenter raises the issue of a possible non-linear effect of ozone and mortality.
Previous studies have suggested that the functions look fairly linear in response.
However, it is true that if there is significant measurement error in exposure, it will be
more difficult to find a threshold if one exists. However, as discussed above, an
absolute threshold at the population level is unlikely. In addition, we are not able to
reestimate the functions that have been reported in many of these studies. Finally, if the
models are, in fact, non-linear, the resulting positive slope estimate would have to be
larger than that produced by the linear function. This increase may fully offset the
application of a threshold.

The commenter raises the issue of lag selection and ozone averaging time as impacting
interpretation of ozone health effects. Based on human and animal studies, ozone
effects would be expected within a day or two of exposure. There are also some
studies, which suggest greater effects from cumulative exposures over 3 to 5 days. This
has been considered in our interpretation of the literature. Further, since all ozone
averaging times (i.e., 1, 8, 24 hr) are highly correlated, it is difficult to use epidemiology
results to determine the specific averaging time of interest. As noted above,
epidemiology literature is not the primary basis for either the concentrations or
averaging times recommended. Epidemiology was used in a qualitative manner, as
support for the controlled exposure studies.

The commenter points out that staff has not addressed mortality displacement in the
Staff Report, and that this is necessary if epidemiologic studies are to be used as the
basis for ambient air quality standards. It is true that we have not discussed this topic in
the report. However, issues of displacement are more appropriate when one is
attempting to determine the amount of life years lost and for economic valuation issues.
It is not necessarily relevant for standard setting purposes.

4. A more precise and quantitative definition of adverse effects is needed.
Adverse effects were evaluated in accordance with the American Thoracic Society

guidelines outlined in the Staff Report. An effect was considered significant if it was
large enough to reduce or limit work or exercise capacity, or was sufficient to impact
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quality of life. Obviously, some of the categories suggested in the guidelines do not
pertain to effects observed with ozone exposure; however, we believe that we have
appropriately applied the recommended criteria.

5. Further justification for the Staff Report’'s recommendations is needed.

In California, ambient air quality standards represent the highest concentrations for
selected averaging times that are unlikely to induce adverse effects (H&S Code
39014). The standards represent the greatest outdoor exposure that is acceptable. The
number of people who experience these exposures is immaterial.

The averaging times have been selected to represent common exposure patterns. The
one hour average standard relates to peak exposure concentrations, and also
represents a frequent duration of outdoor activity for many people, for example, children
playing after school, adults exercising, people doing yard work or home maintenance. In
this case, the standard means that for a 1-hr exposure, the maximum ozone
concentration estimated to be without adverse consequences is 0.09 ppm. Likewise, the
8-hr average standard relates to both the long, lower concentration, broad ozone
concentration profile frequently observed in down wind areas, and also reflects the
activity pattern of outdoor workers, and adults and children who spend multi-hour
periods in outdoor activity, including work, play and recreation. In this case, the
standard means that for an 8-hr exposure, the highest average concentration estimated
tfo be without adverse effects is 0.070 ppm.

The concept of margin of safety includes the idea that a standard must be set at a level
below the lowest concentration at which adverse effects have been documented, to
provide protection for potentially sensitive subjects who were not included in the study
group. Since state law requires that ambient air quality standards protect the most
sensitive people in the population, we have looked not only at group mean responses,
the basis of U.S. EPA developed ambient air quality standards, but have also evaluated
individual responses. The scientific literature clearly shows that there is a very wide
range of responses among individuals. This is not adequately factored into U.S. EPA
ambient air quality standards. In the case of our 1-hr recommendation, multi-hour
exposure studies did not find statistically significant responses with exposure to 0.10
ppm during the first one to two hours of exposure, while there were group mean and
individual changes of concern with 2-hr exposure to 0.12 ppm ozone. This suggests a
threshold in exercising people somewhere between 0.10 and 0.12 ppm for one to two
hour exposures, the same conclusion reached in the 1987 review of the State ozone
standard. We also concluded that the margin of safety applied in the existing State
ozone standard was adequate, and recommended retention of the existing 1-hr
standard of 0.09 ppm.

In the case of the 8-hr average recommendation, there is less guidance for determining
an adequate margin of safety, since there is only one study at 0.04 ppm, and one at
0.06 ppm. The body of findings from studies of 6.6 to 8 hr exposures to 0.08 ppm ozone
indicates that about 26% of people who undergo similar exposures will experience
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symptoms and pulmonary function decrements of 10% or larger, with some
experiencing decrements in excess of 30%. The study at 0.04 ppm found no significant
pulmonary function or symptoms effects. Unfortunately, the one study at 0.06 ppm has
not appeared in the peer-reviewed literature, although it has been published as a
research report. The data on 6.6 to 8 hr exposures led to the conclusion that an 8 hr
average concentration of 0.08 ppm was not adequately protective of public health, and
that multi-hour exposure to 0.04 or 0.06 ppm ozone was unlikely to result in adverse
responses. The epidemiological study by Tolbert et al. (2000), one of the few available
that used an 8-hr averaging time, examined the shape of the concentration response
function and found evidence for a population threshold in the ozone concentration range
of 0.070 to 0.10 ppm. We selected the bottom of this range as the margin of safety.
While we agree that this margin of safety is a more uncertain estimate than available for
the 1-hr average standard, it incorporates all of the available data, and is substantially
based on controlled human exposure data.

The primary health endpoints used to develop these recommendations are acute
responses (decrements in pulmonary function, respiratory symptoms, airway
hyperreactivity and airways inflammation). Reduced lung function is not a benign effect
because it is due to a neural reflex. Activation of the neural reflex represents an attempt
by the body to limit inhalation of a toxic substance, in this case ozone, to protect the
airway lining tissues from oxidant damage, and resulting airway inflammation.
Furthermore, reduced lung function and symptoms can reduce ability to work, as well as
participate in healthful exercise and recreation. These seemingly minor effects,
temporarily reduced lung function and symptoms, impact on ability to earn a living, and
to maintain a healthy lifestyle, and clearly qualify as adverse by ATS standards, both
physiologically and as aspects of quality of life. Repeated episodes of airway
inflammation lead to morphological changes in the lungs, and may contribute to long-
